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• PREFACE 


TN 1807 a Survey detachment was deputed by the Surveyor General of Bengal to 

explore the source of the Ganges : this was the first expedition to the Himalaya 
undertaken for purely geographical purposes. A hundred years have now elapsed, 
during which geographical and geological information has been stesidily accumulating 
and we have at length reached a stage where there is danger of losing our way in a 
maze of unclassified detail : it is therefore desirable to review our present position, to 
co-ordinate our varied observations and to see how far we have progressed and what 
directions appear favourable for future lines of advance. 

The present paper originated in a proposal siibmitted by the Survey of India to 
the Board of Scientific Advice at the meeting of the latter in May 1906. The pro- 
posal was as follows ; — “ The number of travellers in the Himalaya and Tibet is 
“ increasing, and a wider interest is being evinced by the public in the geography of 
“ these regions. It is therefore proposed to compile a paper summarising the gcographi- 
“ cal position at the present time. ’ ’ 

Subject to the modification that the scope of the paper should be geological as 
well as geographical, this proposal has received the sanction of the Government of 
India and the work has been entrusted to us to carry out. On the understanding 
that the paper is intended primarily for the use of the public, we have endeavoured 
to avoid purely technical details and to present our results in a popular manner. 

Our subject has fallen naturally into four parts, as follows: — 

Part I. — The high peaks of Asia. 

Part II.— The principal mountain ranges of Asia. 

Part III. — The rivers of the Himalaya and Tibet. 

Part IV. — The geology of the Himalaya. 

Though the four parts are essentially interdependent, each has been made as far 
as possible complete in itself and will be published .separately. The first three parts 
are mainly geographical, the fourth part is wholly geological : the parts are subdivided 
into sections, and against each section in the table of contents is given the name of the 
author responsible for it. 



PREFACE 


The endeavour to render each part complete must be our apology for having 
repeated ourselves in more places than one: the relations, for instance, of a range to a 
river have been discussed in Part 11 , when the range was being described, and have 
been mentioned again in Part III under the account of the river. 

As the mountains of Asia become more accurately surveyed, errors will doubtless 
be found in what we have written and drawn : it is not possible yet to arrive at correct 
generalisations and we have to be content with first approximations to truths 

Maps, too large for insertion in such a volume as this, are required for a study of 
the Himalayan mountains : the titles of maps illustrating the text are given in foot- 
notes and are procurable from the Map Issue Office of the Survey of India in Calcutta. 
Constable’s hand-atlas of India will be found useful. 

We are much indebted to Babus Shiv Nath Saha and Ishan Chandra Dev, b.a., for 
the care with which they have checked our figures and names, and to Mr. J. H. Nichol 
for the trouble he has taken to ensure the correctness of the charts. Mr. Eccles and 
Major Lenox Conynghara have been kind enough to examine all proofs, and to give 
us the benefit of their advice and suggestions. Mr. Eccles has also supervised the 
drawing and printing of the charts, and we have prolited greatly by the interest he has 
shown ill them. 


S. G. Bukrard. 
H. H. Hayden. 

MtxfcA I007. 
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THE HIGH PEAKS OF ASIA 


1 

THE PBINCIPAL PEAKS AND THEIR ALTITUDES. 

I N the earlier stages of geographical investigation the most important features of 
a mountain mass are the high peaks. They may be, it is true, but slight promin> 
ences of lofty ranges and they may possess perhaps no geological significance ; but they 
are conspicuous and definite points; they are the only mountain features that can 
be observed with accuracy from a distance ; and tlie determination of their positions 
and heights is the first step of the ladder of geographical knowledge. When this step 
has been taken, further progress becomes possible ; the peaks can be made the basis 
of subsequent surveys ; the courses of rivers and the positions of lakes can be laid down 
with regard to them ; the trends and forms and magnitudes of the ranges can be 
inferred from the distribution of the peaks. 

In the following tables i to v all the peaks of Asia that have been found to- 
exceed 24000 feet in height are catalogued in order of magnitude : their geographical 
positions are shown in the five corresponding charts, numbered also i to v.* 


Table I. — Peaks of the first magnitude exceeding 28000 feet in height. 


Reference 
number 
of Peak. 

Name or symbol. 

Height. 

( Number 
of 

stations 

from 

which the 
height was 
observed. 

Latitude. 

Longitude.t 

Mountain range. 



feel 


O f » 

o / ^ 


1 

Mount Everest 

29002 

6 

27 69 16 

86 66 40 

Nepal Himalaya 

2 

K* 

28250 

9 

.35 52 65 

76 30 51 

Karakoram 

3 

i 

! Kinchinjnnga I 

28146 i 

9 

27 42 9 

88 9 0 

1 

Nepal Himalaya 


• Those peaks only have been inoluded the heights of whiith are known with fait aooniaey. Fsaks the 
heights of whioh have been oonjeotuied by explorers to exceed SS4000 foot have been omitted. 

t The values of longitude are based on the determination of the difference between Greenwioh and Madras 
made m 1894-06* and are not those hitherto accepted by the Survey of la.Iin. 

B 
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Table V. — Peaks of the fifth magnitude between 24000 and 26000 feet in height. 


Reference 
number 
of Peak. 

■ 

Name or symbol. 

Number ; 
of 

' stations 
Height. frokn 

which the 
height wasi 
observed. 

Latitude. 

Longitude.* 

Mountain range. 

49 

' 

XLV .. : 

feet 

24885 1 

j 

i 

6 

o / " 

28 44 3 

o 

83 

21 61 

Nepal Himalaya 

50 

XXXVI .. 

24750 

4 

28 35 3 

83 

59 31 

Nepal Himalaya 

51 

Kulha Kangri I . . 

24710 i 

4 ' 

28 2 49 

00 

27 30 

Assam Himalaya 

52 

Karakoram No. 5 

24690 , 

1 

35 8 54 

77 

34 41 

Karakoram 

53 

XXXV 

24()H8 

4 

28 32 11 

84 

5 5 

Nepal Himalaya 

64 

Kulha Kangri II 

24660 

1 ; 

28 4 11 

90 

26 53 

Assam Himalaya 

65 

Shyok Nubra Watershed 
No . 3 

24650 

2 

34 48 14 

77 

48 22 

: Karakoram 

56 

Tirich Mir II . . i 

2461 1 

2 

36 25 52 

71 

60 11 

1 Hindu Kush 

67 

Shyok Nubra Watershed 
No. 4 . . 

24590 

2 ‘ 

31 .50 31 

77 

47 16 

1 Karakoram 

58 

Kiinjut No. 2 

24580 

1 

36 12 45 

76 

15 12 

1 Karakoram 

59t 


24496 

2 

28 13 52 

90 

37 10 

Assam Himalaya 

60 

Indus-Nagar Watershed 
No. 2 . . 

24470 

, 

2 

36 0 14 

74 

62 34 

Kailas 

61 

LVII 

24391 

3 

30 21 58 

79 

69 64 

Kuniauii Himalaya 

62 1 

Muztagh Ata 

24;]88 , 

2 

38 16 43 i 

76 

7 6 

Kashgar 

63 

K'* .. .. 

24370 ; 

4 i 

35 17 46 ' 

77 

1 23 

Karakoram 

64 

A satellite of Kinchin- 
junga 

24344 

5 

27 52 10 

88 

8 35 

Nopal Himalaya 

65 

: Tirich Mir III 

24343 

1 2 

30 23 31 

71 

53 43 

Hindu Kush 

66 

Kuen Lun No. 1 

24306 

1 2 

.35 47 48 

81 

8 42 

Kuoii Lun 

67 

XXVI 

24299 

1 

28 23 30 

85 

7 45 

Nepal Himalaya 

68 

Hararaosh . . 

24270 

i 3 ; 

35 50 29 

74 

63 52 

1 Kailas 

69 

Sad Ishtragh 

24171 


36 32 64 

72 

6 54 

Hindu Kush 

70 

XLVIII .. 

24150 

! ^ ■ 

28 43 64 

83 

12 43 

Nepal Himalaya 

71 

Kunjut No. 3 

24090 

! 

36 19 3 

; 75 

2 11 

Karakoram 

72 

: A satellite of Kinchin- 
junga 

24089 

5 

27 47 15 

88 

11 55 

i Nepal Himalaya 

73 

Hunza-Kunji IV 

24044 

1 

36 24 10 

74 

41 43 

Karakoram 

74 

Chamlang 

24012 

2 

27 46 31 

86 

68 56 

i Nepal Himalaya 

76 

■ Kabru 

24002 

2 

27 36 .30 

88 

6 50 

; Nepal Himalaya 


The names adopted for the peaks are those most commonly employed by geog> 

raphers. Tn a later section of this paper is given a list of 
E^ianation ot the tables. alternative numcs and symbols, which have been applied 

to the high peaks at different times : in the same place are discussed a few geographical 
names that are giving rise to controversy and confusion. 


* The !^alue8 of longitude are based on the determination of the diffeienoe between Greenwich and Madras 
made in 1894>00, and are not those hitherto accepted by the Survey of India, 
t The position of this peak is doubtful. 
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A column has been included in tables i to v showing the number of stations from 
which the height of each peak has been observed. For the attainment of accuracy it 
is more profitable to observe a peak from different places and distances than to multiply 
observations from any one station ; and the number of observing stations is an 
indication of the trustworthine^ss of the resulting value of altitude. The accuracy of 
the adopted values of height is discussed hereafter, and numerical estimates of the 
magnitudes of the errors that may exist are formed. 

The latitude and longitude of each })eak have been given in the tables, so that its 
position on the charts may be ascertained. In the drainage charts xxiv to xxxiv 
(appended to Part III) these positions have been marked exactly : but in charts i to v 
the scale is so small that in crowded chisters there has not been always room to mark 
the precise position of each peak ; a few of the .symbols overlapped, and had to be 
slightly displaced in order to make room for others. 

It will be noticed that every peak of chart i is shown by a larger and larger 
circle on t ach of the successive charts ii to v ; the reason for this increase is that 
at the level of ‘28000 feet Kinchinjunga, for example, is in nature hardly more than 
a point, but at 27000 feet the contour round Kinchinjunga encloses an area ; and at 
24000 feet a horizontal section taken through the Kinchinjunga pyramid would show 
that a amsiderahle area of the earth’s surface had attained that elevation.* 

In the last column of each table is given the range on which each peak is situated, 
the great Himalaya range being divided into four sections: — 

(i) the Punjab Himalaya from the Indus to the Sutlej ; 

(ii) the Kumaun Himalaya from the Sutlej to the Kali ; 

(iii) the Nepal Himalaya from the Kali to the Tista; 

(iv) the Assam Himalaya from the Tista to the Brahmaputra.f 

The relative positions of the ranges mentioned in the tables are shown on the range 
chart which serves as a frontispiece. 

In table vi are given the details of a few well-known peaks, which are less than 

24000 feet in height. This table unlike the preceding does 
f^Weii-known peaks below 24000 contain the names of all peaks above a certain height, 

and is not therefon; a continuation of table v. Peaks 
have been omitted which exceed in height many of those of table vi ; to give 
complete lists of all known peaks would be to convert this paper into a numerical 
catalogue. 

A great many of the peaks of table vi are visible from Mus.sooree and Landour, 
and their outlines are shown in chart viii.J The panorama of chart viii is continuous 
from left to right : it has been drawn in three sections that it might be made to fit the 
size of this paper. The reference letters A and B have been added to indicate continuity. 

* On chart v peaks of the fifth magnitude have been drawn as points, thusc of the fourth magnitude have been given 
a diameter of 6 miles, those of the third a diameter of 12 miles, those of the second a diameter of IR miles, and those of the 
first a diameter of 24inile8. 

^ The Punjab and Kumaun Himalaya have been for the most ])art surveyed ; the peaks of the Nepal fliinalaya have 
been observed from long distances and the rivers and roads explored: the Assam Himalaya form still a terra incognita^ 
although many of the peaJu have been well observed from the south. 

JThis chart was copied from the panorama drawn by Col. St. G. C. Gore, H.K., in 18A7. 
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Table VI. — Some well-known peaks the heights of which are less than 24000 feet. 


Reference 
number 
of Peak. 

Name in common use. 

Height. 

Number 

of 

stations 

from 

which the 
height was 
olmrvecL 

' 

Latitude. 

Longitude.* 

Mountain range. 



feet 


o / 

O / 


76 

Api 

23399 

3 

:io 0 22 

80 55 57 

Nepal Himalaya 

77 

Badrinath 

23190 

5 

30 44 16 

79 16 52 

Kumaun Himalaya 

78 

Bandarpunch 

20720 

5 

31 0 12 

78 33 17 

Kumaun Himalaya 

76 

Chumalliari 

23930 

2 

27 49 39 

89 16 16 

Assam Himalaya 

80 

Chumunko 

17310 

4 

27 27 31 

88 47 12 

Nepal Himalaya 

81 

Dayabhang 

23750 

2 

28 15 22 

85 31 9 

Nepal Himalaya 

82 

Deotibba 

20410 

« 

32 12 51 

77 23 54 

Punjab Himalaya 

83 

Dubunni 

20154 

1 

35 57 23 

74 38 5 

Kailas 

84 

Dunagiri 

23184 

4 

30 30 57 

79 52 4 

1 Kumaun Himalaya 

85 

Gangotri f 

21700 

3 

30 52 58 

78 .52 14 

1 Kumaun Himalaya 

86 

Gardhar 

21140 

1 

32 55 7 

76 42 48 

; Punjab Himalaya 

87 

Gaurisankar % 

23140 

i\ 

27 57 52 

86 20 16 

■ Nepal Himalaya 

88 

Jaonli § 

217(K) 

1 

30 51 17 

78 51 25 

Kumaun Himalaya 

89 

Jibjibia East ■) 

21839 

2 

28 7 41 

85 52 16 

' Nepal Himalaya 

90 

Jibjibia West j » 

22876 

2 

28 10 25 

85 46 51 

Nepal Himalaya 

91 

Kailas 

22028 

2 

31 4 2 

81 18 .50 

Kailas 

92 

Kaufinann 

23000 


39 18 20 

72 .50 3 

Trans .\lai 

93 

Kcdarnath 

22770 

6 

30 47 53 

79 4 7 

1 Kumaun Himalaya 

94 

Kharchakund 

21695 

1 

30 46 46 

79 7 47 

j Kumaun Himalaya 

95 

Leo Pargial N. ^ 

22210 

2 

31 54 8 

78 44 39 

1 Zaskar 

96 

Leo Pargial S. J “ 

22170 

2 

31 53 5 

78 44 r» 

Zaskar 

97 

Ijunkho 

22641 

2 

36 46 36 

72 26 16 

Hindu Kush 

98 

Mer or Kana || 

23250 

2 

34 0 48 

76 3 22 

Punjab Himalaya 

99 

Nampa 

22162 

4 

30 0 37 

81 0 3 

Nepal Himalaya 

100 

Nandakna 

20700 

2 

30 20 56 

79 43 9 

Kumaun Himalaya 

101 

Nandakot 

22510 

3 

30 16 51 

80 4 11 

Kumaun Himalaya 

102 

Narsing . . . . I 

19130 

4 

27 30 40 

88 17 2 

Nepal Himalaya j 

103 

Nilakanta 

21640 

3 

1 30 43 52 

' 79 24 28 

Kumaun Himalaya 

104 

Panch Chiilhi 

22650 

3 

m 12 51 

80 25 41 

Kumaun Himalaya 

105 

Pandini 

22010 

8 

27 34 38 

88 13 10 

Nepal Himalaya 

106 

Pauliunri 

23180 

2 

27 56 56 

88 50 39 

Nepal Himalaya 

107 

Sargaroin 

20370 

2 

31 6 8 

78 30 4 

Kumaun Himalaya 

108 

Ser or Nana ** 

23410 

6 

33 58 56 

76 1 31 

Punjab Himalaya 

109 

Simvo 

22360 

2 

27 40 44 

88 14 38 

Nepal Himalaya 

no 

Srikanta 

20120 

4 

.30 57 25 

78 48 22 

Kumaun Himalaya 

111 

Tengri Khan 

23600 


42 24 10 

80 16 43 

Tian Shan j 

112 

Tharlasagar 

22610 

2 

30 51 41 

78 .59 45 

Kumaun Himalaya 

113 

Trisul East 

22320 

4 

30 16 14 

j 79 52 24 

Kumaun Himalaya 

114 

Trisul West 

233(» 

7 

30 18 43 i 

1 

79 46 40 

Kumaun Himalaya 


*The values of longitude are based on the determination of the difference between Greenwich and Madra£ 
made in 1894-96, and are not those hitherto acrccptod by the Survey of India. 

t The twin of Jaonli. I TI Twins. 

J Double-peaked. 1 || The twin of Ser. 

I The twin of Gangotri. 1 •• The twin of Mer. 
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2 

NOTES ON CERTAIN OF THE GREAT PEAKS. 

Mount Everest. 

The elevation of Mount Everest was first observed in 1849, but its height was 
not computed till 1862. Though half a century has elapsed since its discovery and the 
moimtains of Asia have been continually explored in the interval, no second peak of 
29000 feet has been found. There is but little probability now of a higher peak than 
Mount Everest being discovered and even the prospect of finding new peaks of 27000 
or 26000 feet is becoming remote. 

Some geographers have held that peaks higher than Mount Everest were standing 
behind it to the north, but their opinion was not founded on tnistworthy observations, 
and when Major Ryder traversed Tibet along the Brahmaputra in 1904 he passed 
80 miles north of Mount Everest and found no peak approaching it in height. 

Three panoramas showing the outline of Mount Everest are included in chart vi.* 

Owing to the objections of the Nepalese Government Mount Everest cannot be 
approached by surveyors from the side of India within 80 miles, and the trigono- 
metrical observations that have been made of the Everest-Makalu group of peaks 
have been carried out under great disadvantages. The following description of Mount 
Everest is taken from a report by Colonel Tanner :f 

“ The outline of Everest is rather tame than otherwise ; it is fairly sharp and has a long snowy 
“ slope on its north-east flank, the south-east being preeipitous. Peaks of 22000 feet and thereabouts 
“ encircle its southern base, and below them are seen many outlines of dark mountain masses which 
“ are without snow. 

“ From due south, near the Kosi river in the Bhagalpur district, Everest is by no means a marked 
feature in the landscape ; its southern face has but 190 feet of snow, below which the mountain 
‘‘ falls for 4000 to 6000 feet in a series of crags of very dark-coloure<l rock, only here and there dashed 
“ and streaked with snow, below which arc snow fields and broken masses of rock intermingle<l 
“ with snow and nftve. When the atmosphere is not very t ransparent the sharp tip is aeon as a 
“ mere floating white speck, the rock below it being almost exactly of the colour of the sky and thero,- 
“ fore invisible. 

“ The southern face of Everest from a near point of view is doubtless wild, and its cliffs must 
“ be very lofty, but the great distance from which it is viewed renders this aspect of the mountain 
“ uninteresting. In fact, from the south, Everest has all the. appearance of a very moderate hill, not 
“ in the least imposing and hardly picturesque. It is interesting only because by trigonometrical 
“ operations i‘./S. summit has been found to rise up further from the general level of the earth V 
“ surface thari that of any other point.” 

• The panoramas from Mahadeo Pokra and Kaulia were drawn by Captain IL Wood, lt.E., in 1U03 : those from 
Darjeeling and Sandaltphn by Captain Harman, R.E., in 1882. Miijor Rydor’s description of Mount Ersrrst as seen 
from Tibet will be found in tho Qengraphieal Journal, Vol. xxvi. “^It stands alone,” ho wrote, “in magnificent 
“ solitude.” There is no doubt, whatever, that tho peak observed by Ryder from Tibet wag tho same peak aa had been 
fixed by tho G. T. Survey from Bengal. 

f Qeneral Report, Survey of India, 1883-84. 
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Pbak K2. 

The great altitude of peak was first discovered in 1868 by trigonometrical' 
observations. It was across the plains of Deosai,’ ’ wrote Colonel Montgomerie, from 
** Haramukh that I took the first observation to peak at a distance of 137 miles.” 

is described by Colonel Godwin- Austen as follows : ” is a conical mass with 
** sides too steep to allow the snow to rest on them long : it lies therefore only in large 
patches and stripes on the fissured surface.” 

Sir Martin Conway writes that has a double summit, which he has seen^ 
on several occasions. Colonel Godwin-Austen, however, believes it to be single- 
peaked.* 

Kinchinjunoa. 

has always been supposed to be the second highest mountain on the earth, 
but its height does not differ much from that of Kinchinjunga, and we cannot yet 
state with certainty which is the higher of the two.f 

The following extract is from Colonel Tanner’s report for 1883-84 : — 

“ Einchinjuiiga is a better known mountain than any in the Himalaya, and it is perhaps, 
“ with one exception, the grandest in the whole range. It is regarded by the permanent residents 
" of Darjeeling with admiration that never palls, and although it is constantly, in clear weather, 
a prominent object in their front, the beholder is never wearied of studying the great snow slopes 
** and ice fields which cover its sides. 

The aspect of the mountain has many phases which constantly alter its appearance from day 
** to day. It is seen to best advantage when its base is veiled in a delicate curtain of clouds, so that 
" the imagination is allowed to magnify the part which is hidden from view. 

“ From Darjeefing and from Sandakphu Kabruj; appears as a straight-topped and 
** uninteresting ridge of snow, standing sfightly away from the central peaks of Kinchinjui^a, but at 
a distance of 100 miles from points in the Purnea district of Bengal a telescope reveals the fact that 
“ the face of Kabru presented towards Darjeeling is only one side of a huge snow-clad tableland 
*' (24000 feet), quite smooth at the top with a very slight slope down to the westward. Kabru is 
“ connected with the second highest peak of Kinchinjunga (27803 feet) by a ridge, the very lowest 
“ depression of which has an altitude of 22100 feet.” 

In 1883 Mr. W. W. Graham claimed to have climbed Kabru, but his claim has 
been disputed by many authorities, though recognised by others. Golonel Tanner 
thought that Graham had mistaken a lower peak for Kabru. 

Although the snow-line in Sikkim is lower than in the Western Himalaya and 
Karakoram, there are more naked spots on the slopes of Kinchinjunga than at similar 
altitudes on K‘ and Nanga Farbat. 

The outline of Kinchinjunga as seen from Darjeeling is shown in chart vi. 

* OeagrapMeal Journal, YcL HI, pages 431 and 627. 

f Survey of India, Proteaaional Paper So.' 9, 1906. Annual Report of the Board of SeienHfie Adtiee for India,. 
1906-06. 

i Vide table v. 
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Makalu. 

A rock basin filled with glacier-ice is situated ne.ar the summit of Makalu aud 
gives a striking appearance to the peak. 

In 1863 before trigonometrical observations had been taken Captain Sherwill wrote 
of Makalu : — 

“ One mountain in the Nepal range is a most remarkable object, both for its curious shape and 
“ for its immense height : its name none of my party knew, nor have I yet succeeded in obtaining the 
“ name. The peak is a hollow cratcr-Iike mountain probably 27000 feet in height with a long table- 
“ mountain attached to it, both covered with glaciers.” * 

In 1884 Colonel Tanner wrote : — 

“ With the exception of the Kinchinjunga jieak, Makalu is the finest yet fixed in the eastern 
“ Himalaya. It stands apart from the Everest group and ex[K)seji a great maas of snow towards the 
“ Sandakphu ridge. From the south, in the plains of llhagalpur and Purnea, it is the most striking 
“ object in the panorama of snow. It has a remarkable cup or hollow, which extends for about one- 
“ third down its slope, by which it may be recognised. When examined with a high-power telescope 
“ great masses of glacier-ice may be seen finding their way over the edge of the cup. This ice has 
“ been collected round the side.s of the amphitheatre-like hollow. The upper half of the mountain is 
“ composed of a very light coloured rock, but the southern spur is dark like the cliffs, which arc seen 
“ on the southern face of Everest. The white colour of the rock lends it a softness, which is absent 
“ in the appearance of its higher neighbour. The .southern and eastern faces are fully snow-clad, but 
“ on the west arc much bare rock and extensive .streaks and patches which are too steep to retain 
“ snow on their slopes. No northern spur of this mountain has been .seen, but 1 have traced one? 
“ of about 19000 feet elevation towards the east, until it dips into the Arun valley. To the south two 
“ picturesque branches fully clad with snow arc thrown off, but I cannot say that I have detected 
“ any saddle or ridge connecting Makalu with Everest.” 

Makalu is remarkable for its sharp-edged buttresses, one of which is a magnificent 
specimen of the spiral type. These spiral l)uttrcsse.s conveying the idea of torsion 
are to be seen in all parts of the Himalaya : Rakaposhi in Ilunza has one, Simvo 
(22360 feet) in Sikkim has one, and to residents of Mussoorec the curvature of the 
eastern buttress of Banog (7433 feet), a small peak in the vicinity, is a permanent object 
of beauty. 

Hermann de Bchlagintweit, when observing Makalu from Phallut in 1855, mistook 
it for Mount Everest, f and the same mistake has been made by other travellers. 
Sandakphu, situated 38 miles from Darjeeling and on the Singalila ridge, commands 
a fine view of Makalu: from there the peak is 78 miles distant and is a more .striking 
feature than Mount Everest, which stands 12 miles in rear. 

The outlines of Makalu andPlvcrest as seen from Sandakphu are shown in chart vr. 

Peak T^"'. 

T^j is a high peak of the Nepal Himalaya seventeen miles north-west of Mount 
Everest. It appears to have been missed by the observers of the (Ircat Trigonometricsil 
Survey in 1850, but was observed by Tanner in 1884 from three different stations* 
Tanner recorded that it had a rounded top. 

* Journal, Asiatic SociHg of Hrngal, \’ol. XXII, 1853. 
t Vide Nature, No. 18^8, Vol. 71 ; Nov. 10, 1UU4 ; piigo 3. 
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NAnqa Parbat. • 

Nanga Parbat is the most isolated and perhaps the most imposing of all the peaks 
of Asia. With the exception of subordinate pinnacles rising from its own buttresses, 
no peak within 60 miles of Nanga Parbat attains an altitude of more than 17000 feet. 
Throughout a circle of 120 miles diameter Nanga Parbat surpasses all other summits 
by more than 9000 feet. Its upper 5000 feet are precipitous. 

“Perhaps in describing mountains,” wrote John Buskin in Modern Painters^ 
with any effort to give some idea of their sublime forms, no expression comes oftener 
“ to the lips than the word ‘ peak,’ and yet it is curious, how rarely even among the 
“ grandest ranges an instance can be found of a mountain ascertainably peaked in the 
“ true sense of the word, — ^pointed at the top and sloping steeply on all sides.” 

A traveller in the Himalaya, who has studied the writings of Buskin, must constantly 
be impressed with the accuracy of his observations. How often do we see a high 
peak towering above us, only to find on ascending that it is but an obtuse angle in the 
slope of a buttress ? How often is a needle discovered to be but the end of a sharp- 
edged ridge? Many of the peaks of tables i to vi, though they may form good definite 
points for surveyors, fail to satisfy Buskin’s definition. 

But no one can question the claims of Nanga Parbat : its form and its solitude 
render it a “peak,” however we define the word. 

“ Nanga Parbat’s summit,” wrote Colonel Tanner, “ is 26620 feet above the sea, and its base 
“ stands on the left side of the Indus valley, which at that point is but 3500 feet : it therefore exposes 
“ 23120 feet of its side to an observer, who, standing as near as he may dare to the edge of perhaps the 
“ most lofty cliff in the world with the Indus valley 12000 feet below him, may regard at the distance of 
“ less than 40 miles the unparalleled view presented by the vast snow fields, glaciers, and crags of this 
“ King of Mountains. It is a scene that is not grasped or taken in at once, but after a while the 
“ stupendous grandeur of the view is appreciated. It is quite overwhelming in its magnitude ; it is 
” in fact one of the grandest spectacles that nature offers to the gaze of man.” 

Until the height of Nanga Parbat had been determined by the Great Trigono- 
metrical Survey, it was given on maps as 19000 feet. An error amounting to 7600 
feet in defect in the case of a solitary impressive peak shows how worthless are eye- 
estimations of height.* 

Masherbrum or Kh 

The Masherbrum peaks are two well-defined points connected by a saddle : they 
are 1000 feet apart and differ by 50 feet in altitude. 

Bakaposhi. 

Of Bakaposhi Colonel Tanner wrote as follows : “ The tnighty Bakaposhi or devil’s 
” tail of Gilgit, rising from ground which is 7000 or 8000 feet above the 
“ sea, may be viewed from a distance of less than 40 miles by any one bold enough to 


* Annwd Report of the Board of Sekntifie Advice for India^ 1904-05. 
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make the journey over the dreadful Saichar pass to Chaprot and thence up to the 
“ grassy downs above that place, and the splendid appearance of Rakaposhi will be a 
“ sufficient reward for his trouble. It is a vast clean-cut brilliant snow needle, abso- 
“ lutely sharp, rising thousands of feet above a mass of broken snows, below which are 
“ the wild precipices and serrated ridges peculiar to the Gilgit mountains.”* 

Kamet. 

Kamet is a conspicuous landmark from all the elevated parts of Nari Khorsam ; 
it is also visible from Almora on the Indian side, “ where, however, its appearance is 
“ so modest that, till 1849, it remained unnoticed and unmeasured, though but 250 feet 
“ lower than the King of the western Himalaya, Nanda Devi.”-j- 

Kamet stands behind the Great Himalaya range and its height was first de- 
termined by Richard Strachey. Its outline as seen from Checna is shown in chart vir. 

Tirich Mtr. 

Snow forms a thick unbroken covering over Tirich Mir, and gives to the peak a 
rounded rather than a pointed top. The patches of naked rock, that are to be seen 
on all the slopes of the great peaks of the*^ Himalaya, are absent from the flanks of 
Tirich Mir. 

Gurla Mandhata. 

Dr. T. G. Longstaff made an attempt to climb Gurla Mandhata in 1905, and 
attained a great height, possibly exceeding 23000 feet, but failed to reach the summit, 

In 1878 Mr. Ryall wrote of this mountain as follows : — 

“ Gurla Mandhata, which is 3500 feet higher than Kailas, is held in comparatively 
“ little religious esteem among the Buddhists and Hindus. Owing tt) its immense 
“ bulk and height — 3000 feet above any peak within a radius of 40 miles — it is perhaps 
“ the most impressive sight in the whole of the Himalaya, the celebrated mountain of 
“ Nanga Par bat alone excepted. ”§ 

Kungur and Muktagh Ata. 

The peaks of Kungur and Muztagli Ata have been mistaken for one another by many 
travellers. Captain Trotter was the first trigonometrical observer of Kungur, and from 
the plains of Kashgar he determined its height at 25350 feet ; he named the peak 
” Tagharma.” 

Muztagh Ata is 26 miles south of Kungur and is not visible from Kashgar. Travel- 
lers have frequently thought that they have seen Muztagh Ata from Kashgar : but they 
have been misled by the natives, who believe Kungur and Muztagh Ata to be one 
summit. Colonel Wahab called the Muztagh Ata peak ” Tagharma.” 

* Qcmral Jieport, tiurvey of India, 1883-84. ^ 

t JouriKil, Hoyal OeograpJttcal Society, Vol. XXI IT, 1853,— Oi)tain H. Slrachy On the Physical Cftoyraphy a/ Western 
Tibet. 

Henry Strochey wrote before the height of Nanga Parbat had been ascertained. Montgomerie was right when 
he said that Nanga Parbat was as much the King of the western Hiinolaya as Mount Everest wna of the eastern. Nan^a 
Devi is the highest point of the Kuinaun or ?ontral section of the Himalaya, but does not compcti^ witli N«nga 
Parbat. 

J Charles A. Sherriog; fVestem Tibet and the British Borderland ; also Alpine Jovrnal, August 1900. 

§ General Report, Survey of India, 1877-78. 
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The fact that both Kungur and Muztagh Ata were named “Tagharma” 
by surveyors has tended to increase the confusion. The name Tagharma is given 
by natives to the peak of Muztagh Ata because it towers above the town of 
Tagharma in the Sarikol valley, and Wahab was correct in his application of the name. 
But Trotter made a mistake in adopting the assumption of Kashgarians, that the 
great snow peak they see to the south-west is the same peak as seen from Tagharma. 

There has not only been a confusion of names, but differences of opinion have 
existed as to which of the two peaks is the higher, Kungur, the northern, or Muztagh 
Ata, the southern. The values of height entered in tables iv and v are those derived 
from the data at the disposal of the Survey of India, but it has to be acknow- 
ledged that the observations are less reliable than those of the Himalayan and Kara- 
koram peaks. In the case of observations taken to peaks from stations in India the 
height of the place of observation is accurately known, but the same cannot be 
said of the points from which Kungur and Muztagh Ata were observed. Though all 
our information goes to show that Kungur is higher than Muztagh Ata, by about 758 
feet, the great weight of Sven Hedin’s authority is on the side of Muztagh Ata. 
“Muztagh Ata,” he writes, “ the loftiest mountain of the Pamirs and one of the 
“ loftiest mountains in the world, towers up to the height of 26600 feet, and like a 
“ mighty bastion overlooks the barren wastes of Central Asia. It is the culminating point 
“ in a meridional chain. The \mchallenged pre-eminence of Muztagh Ata over the peaks 
“ which cluster around it is proved by its name, which means the Father of the Ice 
“ Mountains.”* 

Sven Hedin made three attempts to climb Muztagh Ata, but was not successful. 

Lord Curzon describing the peaks of Kimgur and Muztagh Ata wrote : “ The 
“second and southerly peak, which from Sarikol obscures the first, is the real 
“ Muztagh Ata, the height of which is probably a little less than its nameless brother, 
being calculated at about 26000 feet, but which is a far finer mountain since it is 
“conical and comparatively isolated, whereas the more northerly mountain is the 
“highest crest of an extended ridge. ”t 

Api and Nampa. 

The remarkable group of peaks in western Nepal, of which Api and Nampa (table vi) 
are the principals, has been imperfectly studied. During the observations of the Great 
Trigonometrical Survey the cluster was continually obscured by haze, and only one 
peak was observed. A crowded cluster that is seldom visible in winter, except perhaps 
on certain days for a few minutes at sunrise, and that is completely hidden by clouds 
in summer, presents great difficulties to the observer. 


* Sven. Hedin: Through Asia, page 221. It is perhaps unfair to give this quotation » for when Sven Hedin wrote 
he may have been unaware that there was any question at issue. As, however, his book has had a wide oircuJation, 
we thiiik it right to point out that our results do not confirm Sven Hedin’s opinions. 

t Oeographieal Journal, Vol VIII, 1806. 
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If he succeeds in observing the directions of six peaks from both an eastern and a 
western station, each of the six rays from his eastern station exits each of the six from 
his western, and thirty-six points of intersection are given within a small area. If 
the peaks have been observed from a third station also, difficulties disappear, but 
when they have been seen from two only, the true points of intersection have to 
be determined from a study of the several values of height. 

Many map-makers have confused the peaks of Api and Nampa, but their heights 
differ by 1237 feet. Colonel Tanner’s observations show that Api is a double peak, 
the higher point of which (23399 feet) stands half a mile north-east of the lower (23287 
feet). 

The observations of Colonel Tanner’s assistant Rinzin show another peak called 
Ningru (23143 feet) rising between the two peaks of Api. It is extremely unlikely that 
the name of Ningru has been attached by natives to this close companion of Api. 
and it is more reasonable to assume that Api and Ningru arc alternative names 
employed, perhaps in different localities, for the same snowy mass. 

According to the observations of Tanner’s assistants Nampa is a double peak also, 
the two summits being 2 miles apart. The higher Nampa is 4 miles east of the 
higher Api. 

The only peak of this cluster observed by the Great Trigonometrical Survey was 
peak LIII : its position was fixed, but not its height ; its position, which was 
determined from two stations of observation only, is 1^ miles south-south-west of Api 
(23399 feet). 

The Encydopmlia Britannica shows a peak of this cluster as Mount Humla (24702 
feet), but, incomplete as the trigonometrical observations of the Api-Nampa group have 
been, they are sufficient to indicate that no peak exceeding 24000 feet stands in this 
region. 

The outline of Api is shown in chart vii. 

“ The purity of its unbroken snow and boldness of its outline,” wrote Colonel Tanner of the Api 
peak (23399 feet), “ I have nowhere seen equalled. The ridges that connect the highest with the 
“ lower points of Api are perfectly sharp and decidctl, and for several thousands of feet there is scarcely 
“ a splinter of naked rock to mar the unrivalled whiteness of its slopes. The base and lower spurs of 
“ ' Api touch the Kali valley and are clothed with variegated masses of birch and i)ine except in those 
“ places where constantly recurring avalanches admit only of the growth of short grass.” * 

ClIUMALHARI. 

The peaks of Chola (17310 feet) and of Chumalhari (23930 feet) appear from Senchal 
near Darjeeling to be in almost the same direction, the distance of Chumalhari being 
double that of Chola.t 

♦ Oevcral Report, Survey of India, 1884 - 85 . 

f Chela is called Chumunk^> in table vi and Caoring on North-Eastern Trans- Frontier Sheet No. 7 N. W. 
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A letter written by Dr. Campbell from Darjeeling in 1848 is interesting as showing 
how mistaken the natives of the mountains may be. His letter runs : — 

“ When Colonel Waugh left this place in November last, after having satisfied himself of the 
“ position of Churaalhari by observations from Tonglu and Senchal, I took some Lepchas and 
“ Bhotiahs, who had travelled into Tibet by the Phari route, with me to the top of Senchal, to 
“ point out Chumalhari to them, as they were positive in stating their belief that it was not visible from 
“ any part of this neighbourhood. When I said ‘ There is Chumalhari,’ the whole party exclaimed 
“‘No, it is Chola, and not Chumalhari.’ I took pains to ascertain the reasons of their dissent, 
“ and afterwards wrote an epitome to Colonel Waugh, who said, as far as I recollect, ‘You may rely 
“ upon it, that I shall not finally decide the point until you are satisfied that I am right.’ ”* 

Colonel Waugh eventually proved that the peak observed from Senchal was 
Chumalhari. 

Kailas. 

“ It is solely due,” wrote Mr. E. C. Ryall, “ to the circumstance of its shape resem- 
“ bling that of a Hindu temj)Ie that Kailas is vested with a sacred character. ’’f 

Ser and Mer. 

Ser and Mer, known also as the Nun Kun peaks, are remarkable twin giants (vide 
table vi), rising from a region of jierpetual snow ; they are the highest points of the 
Punjab Himalaya between the Sutlej and Nanga Parbat. Ser is white and Mer is dark, 
being too precipitous on the side of India to retain much snow. 

Ser is 2^ miles south-west of Mer : a third peak (22810 feet) stands 1|- miles east- 
north-east of Mer, and there is a fourth peak (22310 feet) two miles east of Mer. The 
positions and heights of these four peaks were well determined. The account given in 
the Geographical Journal J of the Bullock- Workman expedition refers to a third peak 
of the group, exceeding 23000 feet. No third peak however of 23000 feet was observed 
by the Trigonometrical Survey. The peak climbed by Mrs. Bullock-Workman was Mer. 

Tengri Khan. 

Tengri Khan is the highest peak of the Tian Shan and the highest point of Asia 
north of latitude 39°. In his Central Tian-Shan Mountains Merzbacher describes 
the isolated eminence of Tengri Khan as “ without example in mountain systems of 
like extent.” “The mountain,” he says, “has no rival and overtops the highest 
“ summits of all the neighbouring ranges by over 3000 feet.” 


♦ Jourmlt Atiiatic Society of Bengal, Vol. XVIL 
t General Report, Survey of India, 1877-78. 
t Noveiubor, 1900. 
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Absence of Native names. 


ON THE NAMES OF CERTAIN PEAKS. 

It is not often that a surveyor can discover a native name for a peak : natives of 

the hills do not give names even to remarkable peaks. 
“ To my disappointment,” wrote Sir Joseph Hooker, “ I 
“ found that neither priest nor people knew the name of a single snowy mountain.” * 
Of the 76 great peaks included in tables i to v but 10 have native names. If 
we take into account the lower peaks, we find that there arc many thous.ands of pro- 
minent but unnamed summits in Asia, and the problem of nomenclature has to be 
considered. It would be a mistake to attempt to attach an actual name to every 
peak. Astronomers do not name the stars : in olden times they grouped them in con- 
stellations, and they now number them according to right ascension. (^olonel 
Montgomerie endeavoured to introduce for peaks a method resembling that of 
constellations, and he, named the whole Karakoram region K, and its peaks K*, 
K2, K3, etc.t 

This system would have answered well, but Colonel Tanner and subsequent 
surveyors have departed from it, and have ad«)pted the plan of designating each peak 
by the initial letter of the observer : Tanner called, for instancje, the peaks he had observed 
himself T*% T^^, etc. The employment of ••bserver’s initials has led to confusion » 
two and more observers have had the same initial, and the sarrje symbol has thus become 
attached to different peaks. Moreover the designations given under Tanner’s system 
furnish no clue as to the region in which the peaks are situated. 

The nomenclature of a mountain region should not be forced: it should grow spon- 
taneously, and we should never invent a name until its absence has become 
inconvenient. We cannot do better for Tibet and Turkistan than <‘xtend the simple system 
introduced by Montgomerie for the Karakoram : his method (jf constellations is more 
suitable for the peaks of Asia than a long stories of successive numbers from west to east 
would be. We need not design constellations to include one whole range, and we need 
not follow the astronomical plan of drawing animals and heroes; we can have rect- 
angular constellations enclosed by meridians and parallels. 

Peaks however possess in their heights an attribute which stars lack, aiul there 

is no more useful means of distinguishing peaks than by 

Peaks cw be distinguished by their heights. If wc are dealing with a complex cluster 
their heig.its. _ ... . . 

of peaks, it is simpler to indicate the s(?vera1 members by 
their heights than to confer on them separate names. In discussions of tlu! peaks of 
Asia heights must be accepted to a certain extent as substitutes for names. 


* Ji iinnlayan Jourwils, Vol. 1, i)age 370, 

t A note on tho name Karakoram i.s given in Seel ion 10 of Part II of tliis pajicr. 
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There will be no difficulty in preventing the same value of height being given to 
two or more peaks. The heights of peaks are not known within 10 feet, and it is thus 
possible to adjust the height of a newly measured peak by one or two feet, if it happens 
to have been given the same height as one previously determined. 

If the heights of peaks come to be recognised as a means of identification, they 
should not be altered whenever any trifling improvement in the value is believed possible. 

The height of Mount Everest was originally determined at 29002 feet, and this value 
should still be retained : a few years ago its height on maps was reduced to 28995 feet 
because the stations from which it had been observed were found to be 7 feet lower 
than had originally been assumed : subsequently for a similar reason the height was 
altered to 28994 feet. But these alterations were not justifiable, and only tended to 
produce confusion. It is known that the height 29002 feet is, if anytliing, too low, 
but it is not desirable to alter it, because the value 29002 is a clear indication of the 
particular peak denoted. 

We are not proposing now to bind our successors for all time to adhere to the 
present values of heights : periodical revisions of values can be carried out every twenty 
or fifty years, if fresh information has been accumulated in the interim. All that is 
proposed now is that the heights allotted to the peaks in tables i to vi be accepted 
until proof is forthcoming of serious error, and that no small or frequent changes in 
value, such as have constantly led to confusion in the past, be made in the future. 

In the following table are shown the various names and symbols that have been 
applied to the several peaks of tables i to vi at different times by surveyors and 
travellers : — 

Fable VII. — ^Names and Symbols which have been used by different authorities to denote the 

peaks of tables i to vr. 


No. of 

i 

i Name adopted in this 

Name employed in the 
fpcordfi of t.lip Gri>at. 

Names employed by 

1 .Altornative names 

Peak. 

paper. 

Trigonometrical Survey. 

f 'bsorverB in the field. 

j occasionally used. 

1 

Mount Kvorest 

XV . . . 

• • • 

. jSee bolow. 

2 

K' . ... 

i 

! 

Karakuram No. 13* . 

K* by Montgo^nerie 

. ' Mount God win- Austen 
(see below), Dap- 
sang by ScMaqintioeU 
i in 1856. 

3 

1 Kinchinjunga I . 

IX . . . 

• • 9 

• • . 

4 

1 Kinchinjunga II . 

VIII . 

' • • • 

• ' • • 

r> 

1 Makalu 

XIII . 

• • • 

• . . 

0 

jT« . . 


j T**" or T45 by Tanner 

• . . 

7 

1 Dhaulagiri . 

XIJI . 

• • • 

• « . 

8 

jxxx 

1 XXX . 

• • • 

• ■ • • 

<) 

1 Nanga Parbat I 

Nanga Parbat 

• 

. Dayamur, Dsirmal, 
Deo Mir. 

10 

j XXXIX 

XXXIX 

j * * * 

• ; 


♦ The iiM me Knrakfmim was spelt Karnkuram by Montgomerie, and is consequently so spelt in many of the records of the Great 
Trigonometrical Survey. Jiut the form Karakoram is now held to l>o correct. 
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Table VII. — Names and Symbols which have been used by different authorities to denote thfr 

peaks of tables i to vi — continued. 


No. of 
Peak. 

Name adopted in this 
paper. 

Name employed in the 
records of the Great 
j Trigonometrical Survey. 

Names employed by 
observers in iiie field. 

Alternative names 
occasionally used. 

i 

! 

11 

or Oasherbrum I 

i 

Karakuram No. 9 . 

K‘ . . . . 

1 

! 

i 

12 

or Gasherbrum II 

Karakuram No. 10 . 
(Gusherbrum) 

K* . . . . 


13 

Gosainthan . 

XXIII . 

• • . . 

! 

14 

K*" or Gasherbrum III . 

Karakuram No. 11 . 

K»- . . . 

* * 

16 

XXXIV 

XXXIV 

. 


16 

K* or Gasherbrum IV . 

Karakuram No. 12 . 

,K‘ . . . . 

1 • • 

17 

T” . . . . 

i ... 

T57 i^y Tanner 

1 

18 

B‘” .... 

... 

by Barckley . 

j ■ . . . 

Fishback by Tanner 

19 

XXVIII 

XXVIII. 


20 

Kambachen . 

• • . 

North of Kanchin by 
Robert, 8. E.13 by Tanner 

•• 

21 

XXIX 

XXIX . 


22 

Masherbrum Kast . 

Masherbrum E. 

K‘ East . 


23 

Nanda Devi . 

Lvm . 

• • • • 

A No. 2 by Hodgam 
and Herbert : XIV 6y 

24 

Masherbrum West . 

Masherbrum W. 

K' West . 


25 

Nanga Farbat II . 

... 

Great Range No. 30 


26 

LIX . ... 

LIX . . . 


27 

Rakaposhi . 

Bakipushi 

.... 


! 28 

; Kunjut No. 1 

Kunjut No. 1. 

Trans-Indus No. 4 . 


29 ‘ 

1 

* Kamet 

LXVII . 

Kamet by Richard Strachey, 

1 Kangmen by Ryder 

Ibi Gamin 6^ Sehhgint^ 
weit 

30 i 

T** .... 

... 

by Tanner 


31 : 

XLIII 

XLIII . 

• • • . 


32 ; 

TirichMirl . 

... 

DsKb by Tanner 


33 ; 

. ... 

... 

N^* by Robert 


34 ! 

Ki« .... 

Karakuram No. 3 . 

K'" .... 


36 

Hunza-Kunji I 

Kunji No. 8 . 

T** by Tanner 


36 : 

Gtirla Mandhata . 

Memonamnyimri by Ryder 

Nimo Namling by 
Tanner 

37 

Jano ... 

XI . . . 

. . . . 

Jannu 

38 

K“ . ... 

Karakuram No. 4 . 

K“ . . . . 

• • 

39 

XLIV 

XLIV 

. • • . 

• • 

40 

.... 

... 

B7b3 Barckley . 

. . 

41 

! 

Shyok Nubra Watershed 
No. 5. 

Sheok-Nubra Water- 
shed No. 5. 

K»* .... 

• • 

42 

1 

j 

Kungur I . . . 

• • • 

Peak 2 of Camp 0 by Ram 
Singh 

Tagharma by TrMer, 
Mount Duflerin by 
Ney Elias 

43 j 

. ... 

• • e 

Barckley 

• • 

44 1 

Hunza-Kunji II 

• • • 

Highest Peak South by 
Holdieh 

• ■ 

46 

Karakoram No. 8 

I 

Karakuram No. 8 . 

|K» . ... 

Chogolisa by Norman 
Cottie 
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Table VII.— Names and Symbols which have been used by different authorities to denote the 

peaks of tables i to vi — continued. 


No. of 
Peak. 

1 

Name adopted in this 
paper. 

i 

Name emx)loyed in the 
recordo of the Great 
Trigonometrical Survey. 

Names employed by 
observers in the field. 

Alternative names 
occasionally used. 

46 

XLVI 

XLVI . 

• • • • 


47 

Hunza-Kunji III . 

Hunza No. 2 • 

U'* . . . . 

• • 

48 

Kungur II . 

. 

Peak 3 of Camp 9 by Ram 
Singh 

• • 

49 

XLV . . . . ! 

XLV . 

m • • • 

•• 

60 

XXXVI 

XXXVI 

• • • • 


51 

Kulha Kangri I 

Bhutan-Tibet range 

. • • • 

• • 


No. 2 Pk 



52 

Karakoram No. 5 

Karakuram No. 5 . 

K»‘ . . . . 

• B 

53 

XXXV 

XXXV . 

• • • • 

* • 

64 

Kulha Kangri il . 

Bhutan-Tibet range 

• • • • 

by Ryder 


No. 1 Pk 



55 

Shyok Nubra Watershed 

Sheok-Nubra Water- 

K2« . . . . 

• • 

No. 3 

shed No. 3 



56 

Tirich Mir II 

. 

IGmi by Tanner 

Nushau No. 1 

57 

Shyok Nubra Watershed 

Sheok-Nubra Water- 

K=*=' .... 



No. 4 

shed No. 4 

Trans-Indus No. 2 by 
Montgomerie 


58 

Kunjut No. 2 

Kunjut No. 2 . 

• • 

59 

R*«* . . . . ' 

• • • 

R2e4 Qj. K2C4 by Ryder 

. • 

60 

Indus-Nagar Watershed 

Indus-N agar W ater- 

U” .... 

•• 


No. 2 

shed No. 2 



61 

LVII . . . . ; 

LVII . 

• • • • 


62 

Muztagh Ata . • i 

. • • 

Tagharma by Wahab 


63 

K’*' . ... 

Karakuram No. 4 . 

.... 


64 

A satellite of Kinchin- 

. 

Centre of great broad peak 


65 

junga 

Tirich Mir III 

• • e 

IGmf by Tanner 


66 

Kuen liun No. 1 

1 * 

Peak 9, Camp 58 by Ram 


1 

1 

Singh 


67 

XXVI 

jXXVI . 

• • • • 

«»• 

68 

Haraniosh 

Hararaosh 

B** U®® . 

•* e 

69 

Sad Ishtragh 


Dsb .... 

•• 

70 

XLVIll 

1 XLVIII 

. 


71 

Kunjut No. 3 

Kunjut No. 3 . 

by Tanner 

mam 

72 

A satellite of Kinchinjuii- 

• 

Centre of huge mass. North 


ga 


of Kinchinjunga 


73 

Hunza-Kunji IV . 


CBu 

Boyohaghurdonas 

74 

Chamlang 

XIV .. . 

. 

I 

75 

Kabru 

X ... 

. 

Ningru 

76 

Api ... 

. 

. . . • 

77 

Badrinath « 

LXIX . 

VIII by WM 

Jumnootri by Gerard 

78 

Bandarpunch . 

LXXVII 

. 

79 

Chumalhari . 

1 ... 

. 

Choia by Dr, Camp- 
bell 

80 

Chumunko r 

IV . . . 

m • • • 

81 

1 

1 

j Dayabliang . 

! 

XXV . 

■ • W • 

L or Dayabang by Col. 
Crawford 
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Table VII. — Names and Symbols which have been used by different authorities to denote the 

peaks of tables i to vi — concluded. 


No. of 
Peak. 

1 Name adopted in this 

paper. 


Name employed in the 
records of the Great 
Trigonometrical Survey. 

Names employed by 
observers in the field. 

Alternativi* luimiss 
occasionally ust'd. 

82 

1 Deotibba 

• 


Deotibba 



! 

83 

, Dubunni 

• 


Dubunni 


• • • • 


84 

Dunagiri 

• 


, , 


by Carter . 

. . 

85 

Grangotri 



• 


Gangotri a S. P. by Ryall 

. . 

86 

Gardhar 



Gardhar . 


• • • • 


87 

Gaurisankar 



XX 


. ■ . • 

, , 

88 

J aonli 



LXXV . 


• • • • 

, , 

89 

Jibjibia East 



XXII . 



. . 

90 

Jibjibia West 



XXIV . 


• • • • 

, , 

91 

Kailas 



Kailas 


.... 

Kangrinpoche 

92 

Kaufmaim • 






, , 

93 

Kcdarnath . 



LXXII . 


Ill by . 

Bharti Khunta 

94 

Kharchakund 



• 


Kharclia Koond No. 28.P, 
by Ryall 

• • 

95 

Leo Pargial N. 

• 


lieo Pargial N. 


e • # • 

• • 

96 

Leo Pargial S. 

• 


Leo Pargial S. . 


» • • . 


97 

Lunklio 

• 




IGmp .... 

• • 

98 

Mer . 



Mer or Kana . 


• • • • 

Kana. Kun. Dam Huy. 
The Nun Kun peaks 
are Mer and Ser 

99 

Nampa 



• • 


• • • • 

Namju 

100 

Nandakna 



LXIV . 


> • • 

. . 

101 

Nandakot 



LVI 


• • • • 1 

. . 

102 

Narsing 



VI 


• • ■ • 

* 

103 

Nilakaiita 



LXVIII . 


IX (Nilakaiita) by Webb 


104 

Panch Chulhi 



LIV 

• 

XX by Webb 

. . 

105 

Paiidim 



VII 


• • • • 

. • 

106 

Pauhunri 



III 


Powhunri 

Donkia by Dr. Hooker 

107 

Sargaroiri 

• 


LXXIX . 

• 

H. Left Peak by Hodgson 
and Herbert 


1 108 

1 

i 

Ser 

• 


Ser or Nana . 

• 


Nana. Nun. Pajah 
Huy. The Nun 
Kun peaks are Mer 
and ^,r 

109 1 

Simvo 

• 

, 

• 


S 30 . 

• • 

110 

Srikanta 

• 

• 

LXXVI 

• 

Bus peak by Du Vemet, G 
or Srikanta by Hodgson 
and Herbert 


111 

Tengri Khan 


, 

• • 

• 

• • • • 

• • 

112 

Tharlasagar 

• 

• 

LXXIV . 

• 

M or Mont Moira by Hodg- 
son and Herbert, I by 
Webb 

• • 

113 

Trisul East . 

• 

• 

LX 

• 

XIII (East Trisool) by 
Webb 

• • 

114 

1 

Trisul West . 



LXII . 


A No. I by Hodgson and 
Herbert, XII (West 
Trisool) by Welih 

• • 


D 2 
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The name of Moimt Everest 


In 1862 the chief computer of the Trigonometrical Survey informed the Superin- 
tendent, Sir Andrew Waugh, that a peak designated XV 
had been found from the computations to be higher than 
any other hitherto measured in the world. This peak was discovered by the computers 
to have been observed from six different stations: on no occasion had the observer 
suspected that he was viewing through his telescope the highest point of the earth.* 

The Indian Survey had always adhered to the rule of assigning to every geo- 
graphical feature its true local or native name, but here was a mountain, the highest 
in the world, without any local or native name that the surveyors were able to 
discover. The Surveyor General, Sir Andrew Waugh, decided to name the great 
snow-peak “ Mont Everest ” after his former chief. Sir George Everest, the celebrated 


Waugh wished to introduce the word “Mont” in preference to “Mount, ” but 
“Mont” never came into vogue. It seems to have been immediately replaced in 
common usage by “ Mount, ” and for 50 years “ Moimt Everest ” has been the name 
generally adopted throughout the world. 

When Sir Andrew Waugh announced that the peak was to be named “ Mont 
Everest,” Mr. Hodgson, who had been political officer in Nepal, wrote many papers to 
show that Waugh had been mistaken, and that the mountain had a local name, viz., 
Devadhunga. But Mr. Hodgson mistook another peak for Mount Everest and it is 
probable that he never saw Mount Everest at all. All subsequent and recent infor- 
mation goes to show that there is no peak of the Himalaya called Devadhunga. f 

In 1865 Hermann de Schlagintweit visited a hill in Nepal called Kaulia near 
Katmandu, and from it took observations to the snow peaks. He saw the mountain 
called Devadhunga by Hodgson, and he identified it as Mount Everest ; he however 
repudiated Hodgson’s name of Devadhunga and certified that the local native name for 
the peak was Gaurisankar. Many geographers accepting Schlagintweit’s views have con- 
tinued to this day to call the highest mountain in the world Gaurisankar: the Indian 
Survey however were unable to reconcile Schlagintweit’s results with their own and 
declined to follow him. There is no doubt now that Schlagintweit was misled in his 
identification of Mount Everest. In 1903 Captain Wood, R.E., visited Kaulia by order 
of Lord Curzon : he found that Gaurisankar and Mount Everest were different peaks 
36 miles apart, and that the peak called Devadhunga by Hodgson and Gaurisankar 
by Schlagintweit was a peak long known in the records of the Survey as peak XX 
(height 23440 feet).j; 

In addition to his Kaulia observations, Schlagintweit observed at Phallut on the 
Singalila ridge, and from there he painted his now well-known picture of Mount 

« Natwe, Nob. 1S28 and 1830. Vol. 71 ; Nov. 10 and 24t. 1904. 

j* This name may possibly be a mythological t«rm applied to the whole snowy range by the natives of a 
certain port of Nepal. 

% Sec) Wood’s Report on the Identification and Nomenclature of the Himalayan peaks as seen from Katmandu^ 
'1904; also his Narraiive Report^ 1903 >01. 
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Everest: but unfortunately he fell again into error, for the mountain he painted is 
nlearly Makalu and not Mount Everest. 

Of recent years endeavours have been made to show that the Tibetans have a 
name for Mount Everest, namely, Jomukangkar or Jhomogangar or Chamokankar, 
but no reliable evidence has been produced. In 1904 the surveyors attached to the 
Tibet Frontier Mission made careful enquiries, but found no such name applied to the 
great Himalayan peak. On the other hand the explorer Kishen Singh found a mountain 
called Jhomogangar * in the interior of Tibet, 215 miles north-east of Mount Everest. 
This peak of Jhomogangar has been shown on maps of Tibet since 1872. Kishen 
Singh in his narrative describes his arrival at Oung Chaka (16700 feet) and then adds, 
“ About 10 miles to the east there is a lofty snowy peak called Jhomogangar, some- 
“ what of the same shape as the Kailas peak near Manasarowrr : it is a noted object of 
“ worship, being considered as a female divinity.” 

After 60 years of controversy no true native name has been produced for Mount 
Everest; each of those suggested has in turn been shown to be inapplicable, and the 
evidence that no such name exists is overwhelming. In the meantime the name Mount 
Everest has been widely adopted, and it would be a mistake to go back upon it now. 
Personal names for geographical features are doubtless objectionable, but we must 
accept accomplished facts ; geographical progress is retarded by unprofitable changes 
and by barren controversies over nam8s.f 

No native name for peak K* could be discovered by surveyors, and in 1866 it was 

designated K* by Montgomerie. The designation has been 
e name o . generally accepted, and will now, it is hoped, be retained in 

perpetuity. 

When the final results of the Kashmir Survey were being prepared for publication, 
the numbering of the peaks of the Karakoram range was altered in order to produce 
continuity from west to east, and in some publications of the Great Trigonometrical 
Survey the peak K® is shown as Karakoram No. 13. This duplication of designations 
is now regretted, and the symbol K* will alone be used in future. 

The height first given by the Survey to K* was 28278 feet; the value now 
accepted is 28260 feet. 

Schlagintweit thought that the native name of peak was Dapsang : Sir Martin 
Conway gave it as Chiring : J and other travellers have reported^ it to be Chogo Ri.8 


♦ Latitude 29®50^ N.; Longitude 89"50' E. Geographical Journal ^ Volume XXV, p. 179. 

t In oonneetion with the subject of personal names lieutenant Wood, R.N., is often cpioted as having given 
the name of Victoria to the Lake of Sir-i-Kul in tlu^ Pamirs ; it may therefore not be out of place to quote 
Wood’s own V ords : “ As I had the good fortune to he the first European who in later times had succeeded in 

“ reaching the sources of this river, and us, shortly Iwfore setting out on my journey, we had received the news of 
** her gracious Majesty’s accession to the throne, 1 wan tempted to apply the name of Victoria to this, if 1 may so 
“ term it, newly ro-disooverod lake ; but on considering that by thus introducing a nesw name, however honoured* 
into our maps a grcNit confusion in Greography might ariso 1 deemed it Ix^tter to retain the name of 8ir-i-Kul, the 
“ appellation given to it by our guides.” 

{ Proceedings^ Royal Geographical Society ^ Vol. XIV, p. 857, and Geographical Journal, Vol. I* p. 177. 

§ Ri merely means ** monntain.” 
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None of these names is in common use by the natives, and nothing would be gained 
by the adoption of any one of them. 

Sir M. Conway writes of the Chogo peak as being quite distinct from K*, and Dr. 
Hunter Workman attaches the name of Chogo Ri on his map to a different peak from 
K*. Professor Norman Collie gives the name Chogolisa to peak No. 46 of table iv. 

In 1888 at a meeting of the Royal Geographical Society it was proposed by 
General Walker to give the name of Godwin- Austen to peak K* after the officer 
who first surveyed the Karakoram range and glaciers ; the name Godwin- Austen is now 
applied to the peak by many map-makers, but it has not been accepted by the 
Surveyor General of India and has not been entered on the maps of the Government 
of India. 


Of all the designations suggested for the supreme peak of the Karakoram that 
of K* has now the widest vogue, and it will be in the interests of uniformity, if this 
symbol be adopted henceforth to the exclusion of all others. The permanent adoption 
of the symbol K* will serve to record the interesting facts that a mountain exceeding 
28000 feet in height had not been deemed worthy of a name, by the people living under 
its shadow, and that its pre-eminent altitude was unsuspected until it was brought to 
light by trigonometrical observations. 

The name Kinchinjunga has been spelt in a variety of ways. Uniformity in 

spelling is of more importance to geographers than correct- 
The name of Kinchinjunga. correct forms are doubtless Kanchenjunga or 

Kanchendzonga, but the more familiar form of Kinchinjunga is that adopted by 
the new Imperial Gazetteer, and this, it is to be hoped, will now come into general 
use. In north-eastern Nepal Kinchinjunga is known as Kumbhkaran Langur. 

The name of Leo Pargial has figured too long upon maps to be abandoned now, 

but the natives on both sides of the Bashahr- Tibet border 

Leo Pargial. 

call the peak Rio Pdrgyfil. Rio is merely a different form 
of the word Ri, meaning mountain, as in Chumalhari. 


Leo Pargial. 
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4 


ON THE ERKORS OF THE ADOPTED VALUES OF HEIGHT 


The values of height given in tables i to vi of this paper must be accepted with 
caution ; some are more reliable than others, but none are correct to a foot, and many 
investigations will have to be completed before altitudes can be determined with a 
greater degree of accuracy than at present. 

All observations are liable to error ; no telescope is perfect, no level is entirely 


Errors of observation. 


trustworthy, no instrumental graduations are exact, and 


no observer is infallible. 


In ordinary triangulation the objects to be observed arc sharp and specially erected 
signals, but for the observations of a high peak, the summit, however ill-defined, cannot 
be furnished with a suitable mark. 


If a flat-topped peak be observed from a near station, the surveyor runs the risk of 
mistaking some lower point for the summit, the latter being obscured from his view by 
an intervening shoulder. 

Errors of measurement however can be greatly reduced and rendered practically 
negligible, if a peak be observed with a good theodolite on sevend occasions and 
from inherent stations ; observations of Mount Everest, of K“, of Kinchinjimga, and of 
others have been repeated so often and from so many different places that the local 
angles of elevation have been probably determined within one or two seconds of the 
truth and the errors in the mean values of height due to faults of observation are probably 
less than 10 feet. But in the cases of peaks Nos. 18 and 30 of table iv, and others, 
which have been observed from one station only and on but few occasions from that, 
errors due to faults of observation may attain to 100 feet. A single intersection of a 
peak from a single station deserves no weight whatever : it may give a result hundreds 
of feet in error. 


Heights in the Himalaya that have been measured from one? or two stations only 

may in places be thrown into error to the extent of 10 or 
heSht for* the^s^ing 15 fcet by the adoption of erroneous altitudes for the 

stations of observation. 


In the case of the Karakoram and Ladak ranges the liability to error on this 
account is larger and is perhaps 30 feet : the peaks of the Hindu Kush have been ol)served 
from less known stations than those of the Karakoram and are possibly 70 feet in error 


in conscqucnrc. 

The Kashgar range being still more remote from the triangulation of India, the 
heights of its peaks are less reliable than those of the Hindu Kush ; and the peaks of 
Kungur and Muztagh Ata may be in error by 300 feet, or even more, on account of th<! 
accumulation of error in the assumed altitudes of the stations from which they have been 
observed. 



24 


THE HIGH PEAKS OF ASIA. 


An element of uncertainty is introduced into heights by the fact that the altitudea- 

of peaks are always var 3 nng in nature with the increase - 
and decrease of snow. The discrepancies that obtain 
between the different determinations of height of the same peak may be partly due to • 
the fact that some observations have been made after the snow has been accumulating, 
and others after it has been diminished by heat, evaporation, wind, and avalanches. 
All heights on land have to be measured from the surface of the sea, and as the latter 
rises and falls with the tides, a mean level of the sea has to be adopted ; and so in the 
case of the great peaks, we shall have eventually to assume the mean level of the 
snow at their summits as the altitude to be determined. 


A plumb-line is a string supported at its upper end and stretched by a weight 
The deviation of gravity from attached to its lower end.* If there were no irregularities - 
the normal. matter near the earth’s surface a plumb-line would bang 

truly normal ; but mountains exert a lateral pull, and tend to deflect it towards them. 
In the same way as plumb-lines are pulled out of the normal, so is the surface of water 
near mountains pulled out of its spheroidal form. The attraction of the great mass of 
the Himalaya and ^Tibet pulls all liquids towards itself, as the moon attracts the ocean, 
and the surface of water in repose assumes an irregular form at the foot of the Hima- 
laya. If the ocean were to overflow northern India its surface would be deformed by 
Himalayan attraction. The liquid in levels is similarly affected and theodolites cannot 
consequently be adjusted : their plates when levelled are still tilted upwards towards 
the mountains, and angles of elevation as measured are too small by the amount the 
horizon is inclined to the tangential plane. At Darjeeling the surface of water in repose 
is inclined about 36*’ to this plane, at Kurseong about 51*', at Siliguri about 23*', at 
Dehra Dun and Mussooree about 37*'. 

No attempt has yet been made to apply corrections to the values of heights on 
account of Himalayan attraction : the determinations of the deflections of the plumb- 


• To tender intelligible referenoea to the deviation of gravity it is necossary to define the following words, 
vertical, horizontal, normal, level, tangential. If the earth had been at rest, it would under the influence of gravity 
have assumed the form of a sphere: its rotation round an axis has converted the sphere into a spheroid flattened 
at the poles. The present figure of the earth is not a perfect spheroid, however, as the surface is disfigured by 
mountains and valleys, which are rigid enough to withstand the influences of gravity and rotation. Eveiywhore 
in fact on land we meet with slopes and cMffa that are obviously inclined to the general surface of the earth. 
Water, however, whether it be in a basin, or lake or ocean, conforms closely to the spheroidal surface, and it is 
more exact to say that the figure of the sea is a spheroid, than that the figure oi the earth is one. The surface 
of the sea, however, though more nearly spheroidal than that of the land, suffers from slight irregularities, and water 
in repose does not conform exactly to the spheroid. Continents and mountains attract water towards themselves, 
and their attraction disfigures the surfaces of oceans and ponds and levels. If the earth wore a homogeneous and 
perfect spheroid, the direction of gravity would everywhere l)o perpendicular to its surface, but the earth is 
irregular, and gravity does not always coincide with the perpendicular to the general surface. Gravity acts in a 
direction perpendicular to the surface of water. Wo have t hen to consider what we mean by a vertical line — 
whether it is the perpendicular to the earth’s mean surface or whether it is the direction of gravity. The word 
vertical^ we think, should bo employed to describe the direction of gravity ; the line perpendicular to the mean 
surface should be oalled tho normal. The actual surface of the sea and of water, however disfigured from a - 
spheroid, is the Itvd surface, and the word levd should only be applied to this actual surface. The following 
definitions will explain the difference between the horizonial md tangential pianos at any point of the earth’s- 
surface : tho horizontal is the plane that is tangential to tho local surface of water, however the latter may be 
deformed: the tangential plane is the plane that is tangential to the mean spheroidal surface* 
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line are at present not sufficiently perfect to justify the results being utilised to correct 
altitudes.* 

We know that all angles of elevation to Himalayan peaks measured from the 
plains of India and from the outer hills are too small, and consequently all our values 
of Himalayan heights are too small. Errors of this nature range from 40 to 100 feet. 

Of the deflection of gravity from the normal in Tibet or Kashgar or on the Kara- 
koram or Hindu Kush we know as yet nothing. 

If a peak be observed from different directions, the deflection of the plumb-line in 
the plane of the peak will probably be different at every observing station, and the 
several values of height may consequently appear discordant. Such discordances, 
however, are unavoidable ; their presence implies that the <lircction of gravity has been 
varying, and it leads us to hope that the errors due to deflections of the plumb-line are 
tending to cancel in the mean. 

The most serious source of uncertainty affecting values of heights is the 

. . „ , . refraction of the atmosphere. A ray of light from a peak 

Atmospheric Refraction. ^ j ^ 

to an observer’s eye does not travel along a straight line^ 
but assumes a curved path concave to the earth, 'Fhe ray enters the observer’s eye in 
a direction tangential to the curve at that point, and this is the direction in which the 
observer sees the peak. It makes the peak appear too high. Kefraction is greatest 
in the morning and evening and least in the middle of the day ; it is different in 
summer from what it is in winter. If we observe Dhaulagiri from the plains of 
Gorakhpur, it appears to fall 500 feet between sunrise and the afternoon, and to rise 
again 300 feet before sunset. Even in the afterrmon, when it appears lowest, it will 
still be too high by perhaps 700 feet. 

In 1853 Sir Andrew Waugh determined the curva ture of the path of a ray of 
light between the outer Himalaya and the low plains of Bengal by means of simul- 
taneous observations taken from both ends of the ray. He then assumed that the 
path of a ray to a snow peak would be similarly curved, and he reduced the apparent 
heights of the peaks accordingly. But we believe now that he reduced tlie heights l)y 
too much : his determination of a ray’s curvature in the outer Himalaya was correct, 
but this curvature, we think, is not maintained at higher altitudes. As the rarefaction 
of the atmosphere increases, the ray assumes a less curved path, and Sir Andrew 
Waugh’s method attributed to refraction a greater effect than it really has. To the 
Karakoram heights Colonel Montgomerie employed smaller corrections for refraction 
than Waugh used for the Himalaya. 


Philosophicfii Transdctions of the Royal Society of London •. Series A, Volume 205 (1905)i pp* 289 to 318* 


K 
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If we bring together in the following table the different errors to which carefully 
- , determined heights of peaks are liable it will help to focus 

Summary of errors. 

our ideas : — 

Table VIII. — Magnitudes of possible errors. 


Source of error. 

Great Himalaya 
\ range. 

Karakoram 

1 range. 

Kashgar 

range. 

Variations of snow-levol from the mean . 

1 Unknown. 

Unknown . 

Unknown. 

Errors of observation ..... 

1 10 foet 

20 feet 

100 feet. 

Adoption of erroneous height for observing 
station ....... 

10 feet 

30 feet 

300 feet. 

Deviation of gravity ..... 

60 feet, too snmll 

Unknown . 

Unknown. 

Atmospheric refraction 

150 feet, too small . 

10 to 30 feet 

50 feet. 

1 


The following table shows how the different values of the height of Moimt Everest 

Deduction of the height of have been deduced : — 

Mount Everest. 


Table IX. — ^Height of Mount Everest. 
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Feet. 

Miles. 

Feet. 

Feet. 

Feet, 

Feet. 

.Tirol 



1849 

220 

118'AOl 

30800 

28991 -0 


20141 

Mirzapur 

Janjpati 



1849 

245 

108-870 

30105 

29005-3 


29135 



1849 

255 

108-362 

30141 

29001 -8 


29117 

I^adnia 



1849 

235 

108-801 

30171 

28998-0 


29144 

Harpur 



1849 

219 

111-623 

30221 

29020-1 


29140 

Minai 



1850 

228 

113-761 

30282 

28990-4 


29100 

Siiberkiim 



1881 

1 1041 

87-030 

29570 


29i41 


Do. 



1883 

11041 

87*036 

29572 


29137 


Tiger Hill 



1880 

8507 

107-952 

29800 


29140 


Sandakphu 



1883 

11929 

89-000 

29020 


29142 


Phallut 



' 1902 

11810 

85 -.553 

29589 , 


29151 


Senchal 



1902 

8599 

.. 

108-703 

29941 


29134 


Mean 

i 

• 

• 

1 

j . . • • 1 29002 

29141 1 

1 - . ' 

29141 

\ Hango of variation in values'*' 

1 

• 

.. 1 .. 

- 

794 

j Misleading, t 

17 

i 


The 5th column gives the values of height obtained from observation, if no 
correction for refraction be applied. It will be noticed that all the values of height in 
this column derived from observations taken at low-lying stations exceed '30000 feet, 
whereas those derived from observations taken at high altitudes are less than 30000 feet. 

The reason of this difference is that refraction tends to elevate a peak to a greater 
extent when the observation is made through the thick atmosphere of the plains than 

* 'rho rangf! t>f variation i» the difference between the lar^st and Hiuallest values of height in the column above ; 
it is the maximum discordance obtainedf and as such it furnishes evidence as to the correctness of the refraction 
co-efficient adopted. 

t The extent of the range of variation affords no useful information unless the same value for refraction lias been 
employed througlioiit. By using solectod values of refraction we can make all values of height identical and have no 
range of variation at all. 
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when the line of sight passes only through the rarefied air of hill stations. It will be 
noticed that when no correction for refraction is applied, the largest of the values in 
the 5th column differs from the smallest by 794 feet, but that the application of 
corrections reduces the discrepancies materially. 

The height 29141 is still probably too small, as it has yet to be corrected for the 
effects of deviations of gravity. Though it is a more reliable result than 29002, the 
latter value is still to be retained in maps and publications of the Survey. We cannot 
claim to have solved the problems of refraction, nor to have eliminated all uncertainties : 
our knowledge of the deflections of gravity is still but superficial, and although we may 
endeavour continually to improve our heights, it would be a mistaken policy to in- 
troduce new values at every step of the investigation. Values of heights, as has been 
explained in a previous section, furnish means of identification and are not to be 
altered frequently or without good reason. We have discussed the height of Mount 
Everest to show the degree of uncertainty attaching to it, but we do not propose to 
substitute 29141 for the long adopted and well-known value 29002.* 

It is probable that the accepted height of Kinchinjimga is, like that of Mount 

Deductiem of the height of Kin- J^vercst, too small : the following table shows how the 
chinjunga. height of Kinchinjunga has been deduced ; — 

Table X. — ^Height of Kinchinjunga. 


Station of observation. 


Height of BtatioD of 
observation. 

s 

s 

s 

II 

5" ! 

Values of height, if no 
correction for refrac- 
tion l>e applied. 

fiesulting height as 
determined by Waugh 
with co-efficients of 
refraction varying 
from 0*07 to 0*09 from 
stations in the plains. 

Besulting height from 
computations in 1905 
with CO- efficient of 
refraction 0*05 from 
stations in the hilia. 

Besulting height with 
assumed co-effisfent 
of refraction 0-0d45 
from stations in the 
plains. 



Feet. 

Miles. 

Feet. 

Feet. 

Feet. 

1 

Veet j 

Dumdangi .... 

1847 

307 

84-951 

28856 

28137-8 


28224 

Thakurganj .... 

1847 

264 

88-491 i 

28»48 

2K13H-3 


28260 

Bandar jula .... 

1847 

238 

92-560 

29000 

28128-0 


28312 

Miiiui ..... 

1850 

228 

115-174 1 

2i)494 

28102-5 


28340 

Baisi .... 

1850 

234 

115-031 

2W83 

28152-1 


28322 

Harpur .... 

1849 

219 

124-694 1 

20651 

281.33-7 


28207 

Senohal .... 

1847 

8r>»» 

50-158 I 

28401 

281.38*8 

28231 

. , 

Birch Hill .... 

1847 

6874 

44-907 1 

28379 

28152-3 

28230 

, , 

Tonglu ..... 

1847 

10073 

46-369 ! 

28370 

28169-6 

28220 

. . 

Observatrjry Hill 

1884 

7162 

45-720 

28353 

•• 

28212 

•- 

Mean ..... 

i ** 

f— 

28146 

28226 

28205 1 

Range of variation in values f 

i 

1 •• 

1 

1298 

MisIonding.J 

14 

1 122 ’ 

! i 


If we examine the results of the 5th column, which have not been corrected for 
refraction, we find that all the heights derived from observations at low-lying stations 
exceed 28800 feet, and all those derived from observations made at high altitudes 
are below 28410. The heavy atmosphere of the plains had greater refracting efiects 
than the rarefied air of the hills and raised the peak to a greater extent. 


* Survey of India^ Prufesftional paper No. 9, 1905. 

t Tho range of variation is the difference between the largest and HmallcMt values of height in the column above ; 
it is the maximum discordance obtained and as such it furnishes evidence as to tho correctness of tho refraction 
oo-ofHcient adopted. , , , . 

t The extent of the range of variation affords no useful informal ion unless the same value for refraction has been 
employed throughout. By using selected values of refraction we can make nil values of height identical and have no- 
rancco of variation at all. 
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If no correction ior refraction be applied, the values of height vary from 28353 
to 29661, a discrepancy of 1298 feet : the 7th and 8th columns show how this discrep* 
ancy can be reduced by corrections for refraction. 

The following table shows how the height of Dhaulagiri was obtained : no obser- 

Deduction of the height of Dhauia- vations ha VO been taken to it from stations in the hills ; — 
giri. 

Table XI. — ^Height of Dhaulagiri. 


Station of observation. 


Morniri 

Banarsi 

Saonbarsa 

Purena 

Ghaos 

Tulsipiir 

Anarkali 


Range oi variation in values * 


Year of observation. 

Height of station of 
observation. 

Distance from Dhau- 
lagiri. 

! 1 

; Values of height, if no ' 
correction for refrac- i 
tion be applied. 

■s ^*2 o 

■ "f!§- 

txi tf i2«fc 

Hesulting hel^t vrith 
assumed co-efficient 
of refraction pH)645. 

1 

1 

; 

Feet. 

1 

1 Miles. 

Feet. 

Feet. 

Feet, 

: 1848 

.334 

i 105*975 

27974 

26791*0 

27002 

1849 

329 

j 95*625 

27928 

26773*8 

27128 

1849 

315 

1 104*043 

28093 

26830*8 

27151 

1849 

299 

! 105*800 

28011 

26813*1 

27044 

1849 : 

327 

I 95*812 

27862 

20775*5 

27052 

1848 

376 

I 104*461 

27930 

26824*8 

2G988 

1848 1 

434 

137 340 

28640 

26756*6 

27002 

..1 .. i .. ( .. 

26795 

27052 

.. ... 

788 

Misleading-ti 163 


The height 26796 is too low ; the reductions made on account of refraction were 
too great. 

The observations in the North-West Himalaya of the great peaks of K*. Nanga 
Farbat, etc., were taken not from low dusty hazy plains as those of the Nepalese peaks 
were, but from high stations, and the rays passed through a rarefied atmosphere. 

Deduction of the height of K2. height of K* was deduced by Colonel Montgomerie 

as follows ; — 

Table XII. — ^Height of K^. 

I -2 g ^ I 

I * is • a ® 

’ g s © :§ « np ^ -2 

i .a»(e.SP ^ it a Si a ^ ' 

i Station Of observmtion. ^ i 

' ' ^ ii J ’ ■ 

i § |o I .■3§CS I 


Station of observation. 




ShanfETuti 

Biachutliu»a 

Marshala 

Kastor 

'rhurigo 

Haramukh 

Kanuri-Nar 

Barwai 

Thalaiika 


Feet. 
1859 17531 
1859 16749 
1858 16006 
1858 15983 
J85S 17246 

1856 1((001 

1857 15437 
1857 16304 
1857 16830 


Fcot. 
28246*6 
28218*7 
28240*0 
28261*4 
28254 1 
28293*9 
28218*4 
28258*5 
28322*7 


Mean ...» 
Raufiro of variation in valuer * 


* The range of yorjation is the difference between the largest and smallest values of height in the column above; 
it is the maximum discordance obtained and as such it furnishes evidence as to the coirectness of the refraction 
co-efficient adopted. 

t The extent of the range of variation affords no useful information unless the same value for refraction has been 
employed throughout. By using soleotod values of refraction we can make all values of height identical and have no 
range of variation at all. 
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The following table shows the height of Nanga Parbat as deduced from the observ- 
ations using different refraction co-efficients : — 


Deduction of the height of Nanga 
Parbat. 


Table XIII. — Height of Nanga Parbat. 


Station of 
observation. 

Year of obser- 
vation. 

Hei^t of eta* 
tion of obser- 
vation. 

Distance from 
Kanga Parbat. 

0*00 

0*01 

H RIGHT wr 

0*02 j 0*03 

i 

fH KRVRACTION CO-RFFIOIENTS OP 

0-04 1 0-05 1 O'OO i 0H)7 

; ■ ! 

0*08 

o-no 

' 0-10 



Feet. 

Miles. 

Feet. ' 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. Feet. 

Feet. 

Feet. 

Feet. 

Ahariatopa 

185G 

13029 

'133-744 

27885 

27646 

27407 

27108 

26920 

26689 

-26149 ' 26210 

25970 

2fj734 

25404 

PaliarKarh 

1855 

11356 

118-761 

276HO 

27402 

27304 

27116 

26923 

26739 

265:>1 ; ‘26362 

26174 

25988 

25800 

Ooffipntri 

1855 

7752 

96 055 

27332 

27211 

27090 

•26969 

26848 

20726 

26604 1 26485 

2636:1 

26243 

26124 

Haramukh 

1850 

10001 

59-275 

26HH2 

26835 

26788 

26741 

‘20004 

20047 

2059U ■ 26552 

‘26505 

26460 

20413 

Kajiiag 

1856 

12111 

73-559 

27028 

20950 

26884 

26812 

20740 

20060 

26595 ' 26524 

26452 

‘26380 

26307 

Poshkar 

1856 

8323 

83-401 

27219 

27125 

27031 

26937 

26843 

26749 

•26054 -26562 

26408 

•26376 

26282 

iBniail-di-dciri 

1856 

12630 

63-805 

26947 

26892 

26.837 

: 26782 

26727 

26671 

266 1 7 26503 

26508 

26454 

26400 

Safapur 

Hant 

1856 

10206 

66-330 

26917 

26858 

26799 

, 26740 

•26681 

26621 

26.'.64 26.506 

26447 

26387 

26329 1 

1856 

13479 

43-167 

26771 

26746 

26721 

' -26096 

26671 

26646 

26621 ‘26;»96 

•26572 

26546 

26522 ; 

Blangaiiwar 

1H56 

«716 

56-510 

26854 

26811 

26768 

I -267-25 

26682 

266:18 

26596 26.>r>:{ 

26510 

26467 

26425 1 

Marihag . . 

1850 

11814 

46-342 

•20780 

26751 

26722 

! ‘26693 

26664 

•26636 

•26606 -26579 

26540 

26520 

26492 1 

Mean 

.. 



1 27118 

1 27029 

26041 

268.-I3 

! 26764 

26070 

■26587 26490 

26411 

‘26:123 

•26235 

Range of varia- 
tion in valiioa* 




1 J114 

1 900 

686 

475 

265 

1 1 

125 

205, 880 

602 

812 

1028 


It will be noticed that when a co-efficient of O’lO is used, the height of Nanga 
Parbat as determined from different places varies between 25494 and 26522, a range 
of 1028 feet. 

This great variation shows that the co-efficient of O’lO is inapplicable: with a 
co-efficient of 0*09 the height varies from 25734 to 26546, a range of 812 feet. The 
range of varhation decreases, until with a co-ellicient of 0*05 all the values of height fall 
between 26624 and 26749, a range of 125 feet. If we decrease the co-efficient still 
further to 0*04, the variations again begin to increiise, and the range extends to 266 
feet, from 26664 to 26929 : if the co-efficient be decreased to 0*00 the range of variation 


becomes 1114 feet. 

The actual height adopted by Montgomerie for Nanga Parbat was 26620, and 
we are unable to improve upon his value : it is produced if a general co-efficient of 0*057 
be accepted for refrootion. 

Is the great Himalaya range still rising '/ This is a question often asked but which 

no one has been able to answer. The observations of 
The rise of the Himalaya. pcaks made between 1850 and 1860 were not sufficiently 

prolonged at any one .station to enable us to rely with certainty on the values of 
height then obtained. When the absolute height of a peak is being measured, stations 
■of observation have to be multiplied in order to cancel effects of refraction and 
gravity, but when a slow variation in height is being determined, it is better to carry 
out long series of observations from one station only. In the latter case differences 
are being sought, not absolute heights, and all that is necessary is to repeat observations 


* The range of variation ia tho difference between tli«* largirat and amalloMt valiieB of height in the coin inn above : 
it is the maximum discordance obUinod and aa such it furnishes evidence as to the correotneHs of the refraction 
-CO -efficient adopted. 
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from the same station, on the same da3rs of the year, and under the same conditions. 
In 1906 a series of observations was commenced from the trigonometrical station of 
Nojli, and it is proposed to observe the heights of several peaks for some years and at 
different seasons in each year. If a reliable series of results be once obtained, a similar 
set of observatioi^s can be repeated at a subsequent date and any actual change of 
height that has occurred in the interim may be discovered. 

The Siwalik range was elevated at a more recent date than the Himalaya, and is 
the most likely of all the ranges to be rising still : a bench-mark has been placed on the 
crest-line south of Dehra Dun, and its height has been determined by spirit levelling ; 
if the bench-mark is preserved, future changes in altitude should be discoverable. 

Slow changes in the level of land, unaccompanied by sudden movements, have been 
observed to occur along many coasts. At great distances from the sea such changes 
would take place without being noticed : without the aid of the sea as a datum we do 
not observe slow gradual movements, and a continuous rise of a foot a year might go 
on for centuries without attracting the attention of man. If an earthquake occurs 
and a tract of land suddenly subsides along a line of fracture in the crust, the result is 
apparent and measurable, but if the elevation of a large area takes place in all direc- 
tions gradually and without fracture of the crust or any marked upheaval it may be 
considerable and yet escape observation. In the Dharmsala earthquake of 1906 an 
immense region may have been elevated or depressed through many feet, but if the 
change were nowhere sudden we should not without refined trigonometrical observa- 
tions become aware of its occurrence. 
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5 

ON THE FREQUENCY WITH WHICH PEAKS OF CERTAIN HEIGHTS TEND 

TO OCCUR. 

Lest tMs review should degenerate into tables of numerical data we have 
refrained from continuing the lists of peaks below 24000 feet, but- in deducing the 
continuity of ranges amid a vast mountainous area it is necessary to take into account 
the lower peaks. 

The following table shows the total number of peaks exceeding 20000 feet that 
have been discovered. The chart forming the frontispiece illustrates the ranges to 
which the several peaks of the table have been allotted : — 

Table XIV. — The numbers of peaks of different altitudes which have been dis- 
covered in Asia. 


Region. 

Range. 


Between 

20000 

and 

21000 

feet. 

Between 

21000 

and 

22000 

feet. 

D 

Between 

23000 

and 

24000 

feet. 

Poaka of 
6th 
magni- 
tude 
24000 
to 25000 
feet. 

Peaks of Peaks of 
4th 3rd 

magnl- ' magni- 
tude j tude 
25000 20000 

to 26000 to 27000 
feet, j feet. 

i 

1 S 

Peaks 

MAUNI 

28000 
to 2000G 
feet. 

or riHBT 

TUDE. 

1 

1 Above 
20000 
feet. 

Trans- i 
Tibotan. i 

Tian Shan 

Trans Alai 

Kashgar 

Sarikol 


i 

1 

! 

1 

2 

1 

1 

2 

•• 

-• 

•• 

•• 

1 

HHHR 

Kuon Lun 


57 

28 

10 

3 

1 

, , 


.. 



North- J 

Aghil 


24 

2 

I 


. . 

. . 

. . 

. . 

. . 


West Tibet, y 

Karakoram . 


92 

71 

28 

10 

7 

10 

4 

. . 

1 


C 

Hindu Kush , 


49 

29 

13 

9 

3 

1 

•• 




r 

Kailas, West 


9 

8 

5 

, , 

2 

1 





f 

1 Kailas, East . 


II 

12 

. . 

2 


. . 





Southern j 

Ladak, West 


11 

5 

1 

. . 

. . 

. . 

. . 

. . 

1 


Tibet. < 

Ladak, East . 



12 

5 

. . 


1 


. . 



1 

Ninchinthangla 


•'5 1 

3 

I 

I 




. . 

1 


L 

Zaskar . 


20 1 

1 

11 

6 

2 


1 



•• 1 


r 

1 

Great Himalaya range — 
(In Assam) 

1 

9 ! 

3 

0 

0 

3 




j 

1 


Himalaya 

1 

(In Nopal) 

• 

13 ! 

3.5 

33 

17 

9 

13 

0 

2 

1 j 

1 

(In Kumaun) 


I 27 i 

24 

32 

9 

1 

2 

. . 




(In Punjab) . 

• 

I ^ i 

li 

2 

2 


1 1 

1 

1 

I • • 



Himalaya . ^ 

Tx;sscr Himalaya 
(between Kulu 
I.^haiil) 

range 

and 

i 

( 





1 





' 

Totpi 

1 

.334 i 

1 

2.50 1 

140 

62 

27 

32 

11 

2 

2 

1 


Russian surveyors probably know of more peaks , exceeding 20000 feet than we 
have been able to allot to the Tian Shan and Trans Alai ranges : but they have only 
discovered one peak above 23000 feet, — ^Tengri Khan {vide table vi ). The highest 
peak of the Trans Alai range is Kaufmann (table vi). 
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Twenty-seven peaks exceeding 20000 feet have been allotted in the table to the- 
Aghil range : these peaks when plotted appear to stand between the Karakoram and 
Kuen ]jnn ranges, but they are insufficient in number to enable the intervening ranges 
to be traced : it is possible that some of these peaks belong properly to the Karakoram 
range and some to the Kuen Lun ; no certain distribution can be made at present, 
and the trend of the Aghil range as shown on the frontispiece chart must be regarded 
as problematical. 

The single peak of the Ladak range that exceeds 26000 feet in height is Gurla 
Mandhata : the great peak of the Zaskar range is Kamct : the highest peak of the Kailas- 
range is Rakaposhi. The Kailas and Ladak ranges have for convenience been divided 
into east and west sections at lake Manasarowar. 

The totals in table xiv show us that more peaks of the fourth magnitude have 

been discovered than of the fifth. This phenomenon 

The effect of snow ui.oii heights. . • .,.••• • i i . i 

IS so striking that it is necessary to consider whether 
it can be due in any way to snow-fall, — ^whether there can exist some critical altitude 
at which a maximum amount of snow tends to accumulate. 

The term “ snow-line ” is the line through a mountain region along which the 
quantity of snow that falls annually is equal to the quantity that is melted annually ; 
below this line more snow can be melted in a year than actually falls ; above the snow- 
line more snow falls than can be melted. In the Kumaun Himalaya the snow-line- 
was determined by General Richard Strachey to be 16500 feet on the south side of 
the great range and 18500 feet on the north side.* 

As we ascend above the snow -line, we find the depth of perpetual snow tending 
to increase, but we do not know at what altitude in any given region the accumulation 
becomes a maximum. As the altitude increases, less snow is melted in the year, but 
the amounts removed by wind and evaporation may for what we know to the con- 
trary be greater : the snow-fall moreover itself decreases with height, and at a certain 
altitude the decrease in fall begins to produce a diminution in the amount annually 
accumulated. 

The problem is complicated too by considerations other than meteorological. A 
flat-topped summit will accumulate greater masses of snow than a precipitous and 
pointed peak. Mountains such as K", Nanga Farbat, or Rakaposhi are too sharp to- 
allow the snow to lie in quantity ; as soon as snow falls upon them it descends in the 
form of avalanches to lower levels and hardens into glacier-ice. But the great Tirich 
Mir group of peaks have rounded tops, which have possibly been formed by constant 
accumulations of snow. 

The question is therefore not simply one of the balance of snow-fall and melting, 
for the shape of a peak is a most important factor. The peaks on which snow has 
been accumulating for centuries are those possessing flat tops, and as flat tops are 
not more likely to occur at one altitude than at another, it is not possible to attribute 
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the great number of peaks of the fourth magnitude to excessive accumulations of snow 
at 25000 feet. 

In the Himalayan system of ranges the great peaks may be divided into twelve 

groups ; in two the principal peaks exceed 28000 feet, 
tiveiy rare. m five the principals he between 26000 and 27000 feet, 

in three between 25000 and 26000, and in only two are 
the principals between 24000 and 25000.* 

In the Karakoram system the same paucity of 24000 feet peaks is observed : one 
group surrounds a principal exceeding 28000 feet ; seven groups surround principals 
of 25000 feet, and in two groups only are the principals of 24000 feet. 

In the Himalayan system there are many groups of peaks the principals of 
which rise to 23000 feet : amongst others table vi shows Api (23300 feet), Badri- 
nath (23100 feet), Ohumalhari (23030 feet), Dayabhang (23750 feet), Gaurisankar 
(23440 feet), Ser or Nana (23410 feet). 

So far then as observations have gone, peaks of 24000 feet have been found to 
be relatively rare, and principals of groups of that height very rare. At the same 
time the incompleteness of the trigonometrical survey has to be borne in mind ; the 
peaks of Nepal were observed from very distant stations situated on the low-lying 
plains of India, and some are known to have been hidden from observers by clouds. 
A trigonometrical surveyor has no fixed observatory in which he can wait with 
patience for clear days : he has to observe from many stations in the course of a 
year, and has always to be moving forward. In observing important peaks he may 
consider it justifiable to delay for days to ensure that no great altitude has been 
missed, but some of the minor peaks may be lost, if clouds are persistent. 

For weeks together the snow-peaks will be visibh^ for a short time after sunrise, 
and then become obscured for the rest of the day by (jlouds t>r dust-haze rising off the 
plains : the surveyor utilises the few minutes at his disposal in observing carefully 
the principal peaks in view, but he has not the time to make an exhaustive study of 
the range. So long as the Nepal peaks have to be observed from distances of 100 miles 
the trigonometrical survey will remain incompicte.f 

In view of the known incompleteness of the survey, as a whole, a discussion of the 
numbers of peaks of the fourth and fifth magnitudes may be considered superfluous. 
But though the data are insufficient to justify conc-lusions being drawn, observed pecu- 
liarities are dt'serving of notice. The surface features of the solid earth do conform 
generally to the laws of probability : half the whole surface of the Uthospherc is situated 
within 700 feet of sea-level, and the highest heights and the deepest deeps occur very 
rarelv. ft was reasonable to expect that we should discover more peaks of 20000 feet 
than of 21000 feet and more of 23000 feet than of 24000, and this we have done : but 

The aotual number of Himalayan groups is ten ; Kamet and Gurla Mandhata raise the total to iweWe. 
t The Kumaun and Punjab Himalaya have however been very closely examined and the absence of peaks of 24000 
feet is more marked than in HepaL 

Odonel l>ianer» who observed the peaks of Nepal from many different places, with the object of supplementing the 
previous observations of the Great Trigonometrical Survey, wrote ** Very few of the great |)oaki esoaped the obBcrvers of 
**the Trigonometrical Survey.*’ 

F 
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there is one striking exception to the rule , — the 'peaks of the fourth magnitude exceed in 
number those of the fifth. 

From present data it is difficult to calculate by the law of probability how many 

peaks of any particular altitude may be expected to 

Application of the law of probability. • . • • • i . ,• r , 

exist in a given region ; we have as yet no satisfactory 
basis. We cannot, for instance, take the peaks of 20000 and 21000 feet as our data 
and deduce from them the probable numbers of other heights, because we know that 
many peaks of 20000 and 21000 feet have escaped our surveyors and that our 
observed numbers are in defect of reality. 

We can calculate the probable numbers of peaks upon the hypothesis that all 
existing peaks above 26000 feet have been discovered, but this hypothesis is not satis- 
factory as it gives undue weight to the few highest peaks. 

Finally, we can take the peaks of 25000 and 26000 feet, and assuming that no 
others of such heights exist undiscovered, we can deduce the probable number of 
peaks of all heights. The objection to this hypothesis is that there are reasons for 
believing that the number of peaks of 25000 feet is larger than the law of probability 
would give. 

In the following table is shown the number of peaks of each altitude that the 
law of probability would lead us to expect to find : — 

Table XV. — Comparisons between probable and actual numbers. 


! Probable number | Actual 
j of peaks on the as- 'number 
I sumption that there I of 
Height in feeU I exist eleven I peaks 

j between 26(K)0 and j dis- 
I 27000 and one peak |eoverod. 
j above 2JMKK> feet. 

i 

I 


Above 2‘.K)00 I ... \ 

Between 28000 and 20000.. 2 ... 2 

„ 27000 and 28000, . I ... 2 

„ 20000 and 27000. . 1 11 .. 11 

„ 25000 and 26000 23 .. .32 

„ 21000 and 25000 47 .. 27 

„ 23000 and 24000 03 62 

„ 22000 and 23000. . j J70 . 146 

„ 21000 and 22000.. ! 335 . 250 

„ 20000 and 21000.. i 607 . .354 


1 

1 

Probable 
nuraljcr of 
peaks on the 

Actdial 


Discrepancy 
Ixitwccn 
probables 
and actuals. 

assumption , 
that there exist 

number 

of 

Discrepancy 

between 

eleven peaks 

peaks 

probables 

between 2(1000 

dis- 

and 

and 27000 and covered- 

actuals. 


thirty-two 
between 2.5000 
and 26(K)0feet. 



; « ^ 

1 

1 ... 1 

; 0 .. 

0 i 

1 

i... 2 

i . . . -hi . . 
!... —2 .. 

-3 

4 

!... 2 

0 

11 

.. 11 

1 0 .. 

-bO 

32 

.. 32 

0 .. 

... -20 j 

84 

.. 27 

.. —57 .. 

... --31 

218 

.. 62 

. —156 .. 

!... -3.3 

544 

. 146 

. —398 .. 

'... —85 

1302 

. 2.56 

—1052 .. 

.. —2,53 

2090 

. 3.54 

—2642 .. 


In the first half of this table the probable numbers are calculated on the assump- 
tion that eleven peaks between 26000 and 27000 feet exist and one peak of 290(X) 
feet. On this assumption the actual number of peaks below 25000 feet is shown 
throughout to be less than the probable number, — a deficiency that can only be regarded 
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as reasonable seeing that many peaks of these heights are known to be still unobserved. 
The curious feature of this portion of the table is that the actual number of peaks 
between 26000 and 26000 feet exceeds the probable number by 9. The meaning 
of this excess is that the number of existing ‘peaks between 2.6000 and 26000 feet is 
greaier than would be expected from the number known to exist above 26000 feet. 

In the second half of the table the probable iiuinbcrs have been calculated on the 
assumption that eleven peaks exist between 26000 and 27000 feet and thirty-two 
between 25000 and 26000 feet. The result of including these thirty-two peaks in the 
data is to increase greatly the numbers of inferior peaks : the increase becomes enormous 
if the table is extended down to 16000 feet,* and the numbers of peaks then shown as 
probably existing are clearly in excess of the actuals. The meaning of this excess is 
that the number of existing peaks between 25000 and 26000 feC is greater tfum would be 
expected from the nmnber believed to exist below 25000 feet. 

Whilst then we recognise the insufficiency of our data, we tliink that the results of 
table XV are not without interest : we find from that table that the number of peaks 
between 25000 and 26000 feet is unduly great, whether they be compared with those 
above 26000 or with those below 25000 feet. 

The height of the rock summit of a peak is the resultant effect of two forces, — (i) the 
force of compression which elevated the range, (ii) the erosive force which is lowering 
the range. The rock summit is covered by an unknown amount of snow. If we reject 
the snow-covering as insignificant in effect, we shall have to assume that the combined 
actions of the compressing and eroding forces have tended to produce in Asia an 
exceptional number of peaks attaining 25000 h et. 


♦ Probable nuttiliors of peak.s : 


Height ill ft’ot. 

Basis of culculutioii : 
one peak above 29000, 
eleven |K>aks between 20000 
anil 27000 feet. 

Basis of calculation : 
eleven peaks between 20000 
and 27000, 

thirty>two }>cuks between 2**5000 
and 20000 feet. 

Pctwccii 19000 and COOOO 

. 1070 

ordo 

„ 18000 and I9U(M> 

1833 

. 14030 

17000 and 18<XX> 

. 3048 

28500 

„ 10000 and 17000 

4923 

. 55848 
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6 

ON THE GEOGRAPHICAL DISTRIBUTION OF THE GREAT PEAKS. 

One of the difiiculties encountered in the classification of mountain-peaks is that 
absolute altitude is not a true indication of regional importance. 

The presence of a peak of 20000 feet that surpasses in height all other surrounding 
summits furnishes more instructive lessons than one like Jano (26294 feet), which is a 
mere projection from a buttress of Kinchinjunga. 

Peaks may in fact be divided into four classes according to their relative local 
importance : 

(i) There is the ‘prind'pal of a group like Everest (29002 feet) or Tirich Mir 

(26426 feet). 

(ii) There is the Ivnn of the principal like Kinchinjunga II (27803 feet) or Mer 

(23260 feet) — situated in close proximity to the principal and rivalling it 

in altitude. 

(iii) There is the cornfanion like Makalu or Gasherbrum, which situated in the 

vicinity of the principal is 1000 or perhaps 2000 feet lower. 

(iv) There is the satellite like Jano or Kabru, 3000 or 4000 feet lower than the 

principaL 

In the following table the great peaks of the Himalaya are divided into regional 
groups : those that are twins are marked by an asterisk. The numbers of the peaks 
are taken from tables i to v of this paper. 



THE HIGH PEAKS OF ASIA. 


37 




6 




i 




38 


THE HIGH PEAKS OF ASIA. 






\ AN . 




THE HKHI PEAKS OF ASFA. 


.39 


Out of the 75 peaks of Asia tliat are known to exceed 24000 feet in lieigli.t., 42 
have been distributed amongst the ten groups above and may be regarded as belonging 
to the Himalayan system. 

Table XVII. — Summary of Himalayan peaks. 


.N o. of group. 1 

1 

.\ jiiiio of group. 1 

No. of groat peaks 
exceeding 2 UKK) 
feet. 

[ ! 

1 

Kulha Kangri ......... 


H 

Kinuhiiiiuiiga ......... 

1 

7 

i 111 

i 

Kverest .......... 

9 

TV 

(losaiiillian ......... 

i 


. 

1 ! 

! VI 

j 



1 VII 


-1 

1 

; VIII 

i 

Dhaulagiri .......... 

j 

1 

1 IX 

Kuinaiin .......... j 

3 1 

1 

j X 

Kaslunir .......... 

1 

2 i 

1 

— 

— — ^ — 1 

1 

1 

1_ 

Total nuiubcr of groat peaks on Himalayan range 

Total number of Trans-Himalayan great peaks 
nort h of Kumaiin group. 

'Fotal 

' 40 j 

1 

o 

42 


We described on pagt; 10 how few f)eakswere really peaked in the true sense of the 
word; and of true peaks there is hardly one that can be accurately described as solitary. 
Nanga Parbat (20020 feet) is the most famous example of a solitary cone, but even 
Nanga Parbat has a companion (25072 feet) standing at a distance of a mile and a 
•satellite (23170 feet) within 3 miles. 

Gurla Mandliata is often described as a solitaiy peak, but it has two satellites : 
one of these. 22840 feet in height, stands 2 miles N. of its principal ; the other is 22073 
feet and 3 miles E.N.K. 


Kamet appears on the (charts to be standing alon«* on the bonier of Tibet, but the 
peak of Mana (23862 fei't) is within 3 miles of it. 

The accompanving plate contains two drawings by Colonel George Strahaii, Jl.lt. 
That of Nanga Parbat furnishes a line example of a solitary peak. The other shows the 
twin peaks of Bandarpuneh with their connecting ridge resembling a suspemled chain; 
these twin peaks are 3000 yards apart and 20720 and 20017 feet in height res]iccti\ el\ . 



Of the great peaks of Asia the thirty -three that stand north of the Indus may be considered as belonging to the Kara- 
koram system, f In the following table they are divided into regional groups. Throughout this sj^-stem twin peaks are a common 
form of summit ; they are marked with an asterisk in the table. The distinguishing numbers of the several peaks are taken from 
tables I to V of this paper. 

Table XVIII. — An analysis of the great peaks of the Karakoram system. 


40 


THE HIGH PEAKS GE ASIA. 




T A iJi.K XVII I — ue.l. 


THE HIGH PEAKS OF ASIA 


11 



Group XX Xr.rth-V.Vst Tilx'i I No. Kii-,i l.u:, .! 24;iLn; Tl.r oniy i«'uk (if tho Kwrn L.in ranirr tli.il lir.> t.eeii 

Lun). tVjiiiid to exocod 24 <hh.'» tet-i in 
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I'he ten groups oi the Karakoram system may now be summarised : — 


Tablr XIX. — Summary of Karakoram peaks. 


No. of 
group. 


N aino of group. 


I 


No. of great [leaks • 
exceeding 24000 feet. ■ 


XI ‘ Shyok Nubra 

i 

Xll 


XIII 

XIV Karakoram 


:3 I 

i 

I 

8 


XV Knnjiit 


:5 


I 

1 


XVI IIunza-Kunji 

XVII Tirich Mir • 


Total number of great peaks on the Karakoram range 


XVIII 

XIX & XX 


Great peaks between the Indus river and the Karakoram 
range 

Great peaks north of the Karakoram range . . . - 


20 




I 


Total number of great ^)eaks in the Karakoram system 



Colonel Tanner has pointed out that the imposing appearance of a peak depends 
not on absolute height but on the amount of its slope exposed to view, and he gave 
the. following table of peaks which he had observed, to show the superiority in 
appearance of Nanga Parbat. 
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Table XX. 



j Name of peak. 

! ' 

As scon from 

Distance. 

ul 

.slny>o 

i 


. 

to view. 

1 

i 

j 

Milos. 

Fofl. 

Mount Everest . 

Purnea, Bengal ...... 

. ■ ] 18 

80(JO 

1 

i 

Mount Everest 

1 

Sandakphu on Singalila ridge 

i 

! 

. ; uo 

12000 

i 1 

Makalu . 

Purnea, Bengal ...... 

. ' 120 

i 

8000 

Makalu . 

Scarulakpliu ...... 

79 

9000 

Nanga Parbat 

Eroiu the right bank of the Indus . 

40 

23000 

Tirich Mir 

On the road from Gilgit to Chitral . 

40 : 

18000 

1 llakaposlii 

Chaprot ....... 

1 

. ; 40 

18000 

i 

1 Kinchin junga. 

1 

1 

Darjeeling .... - . 

40 

i 

10000 



THE Himi PEAKS OF ASIA. 


i\ 


1 


THE OEOEOHY OF THE (TREAT PEAKS. 


[ii (louling witli the great peaks the geologist is at no small disadvantage as com- 
pared with the surv(*vor, whose instruments enahh' him to work from a distance and 
to fix with a(?curacy the position anfl h(‘ight of the object of Ids observation. The 
geologist, on the otlu'r band, must toil anluously up the mountain sides, exandnijig 
at close (piarters such outcrops of rocks as he can find clear of snow, and, when* further 
])rogr('ss is barred, must depend for his inbjrmation on fallen fragments, splintered 
from the cliffs above and brought down by avalanches and glaciers to form moraines 
and talus heaps. Thus the comf)osition of the highest ])eaks is rarely known in anv 
detail, but the general character of the rocks can be ascertained, with a fair approxi- 
matioji to c<‘rt;dnty, from observation of tin* material on their flatdvs. and from a 
distant view of the weatht'iing <'hara<ders and a])parent sinieture of the |)eaks tlu'm- 
selvc's : it has tlnis been found that almost all (hose of goOOU feet or more in heiglit 

(-(Uiipostvl <)[■ urnnitr, nnd ass()(‘iat<‘<l crvstallinc rocks. 

()1 the szraiiitt' llicn^ arc at least two varieties, a lolijitcd rock c*(mipos('(l essen- 
tially ol <|iiart/., lelspar, and hiotite (l)(a(*k ini<*a), and a yonn; 4 <‘r non-loliated form 
coniainine, in addition lo quartz and felspar, whiti^ ini(*a (niiiscovite). Mack tonrnia- 
lin(‘, la‘rvl. and various a(a*essorv iniiUMals. T1 h‘ former variety was loni:; re}i;arded as a 
sedimentary rock which had heem convtMliMl by heat and pi*essnre into encass, hut its 
tnih’ intriisivj* natur(» was ret'oenised l)y tlie latt* Lieiitmiant-t Jenc'ral A. .M(\\Iahon,‘‘' 
wlio |)/o\'ed ('onclnsi\’(d\’ that the i^reat central hihmssosc* rock ol tin* Himalaya Wiis 
in r(‘alit\ a granite crushed and loliated l)y })ressur('. d his rock is Inapumtlv |)i(uced 
Vi‘ins of tin* s(M*ond or non-foliated vari(‘ty, and when* th(‘se run paralh‘1 to tlu' folia- 
tion planes, they lend lo the stuies a deceptive* appe*arauce of healdinji and <*ause it, 
wh<*n s(*en from a distance, to lx* mistaken for a mass oi stratified df*posits. ddiis 
is a common characieristie of the hi.eh(*r peaks and may he noticexl in many of tin* 
uranitic masses of I lie j^reat Himalayan raipm*. 

Althout*:h our e.vperiemce* h*ads us to assume that all the highest p(*al\S an^ com- 
po.sexi iarj^eiy of eranit(\ inan\' more ol)s^*rv^ations must be made before, this can be 
positively asserted to Ixi tin* (;is<». Thus the most important mass of all, the Everest 
f^roup, is stiii a blank on our eeolojLdcal maps, and so also is Kullia. Kangri in Bhutan. 
B(»twc'en these two, ho’,vevt‘r, we know that all th(‘ most im[)ortant peaks are formed 
of granite. Tims (diumalhari (ti.'Jlt'JO f<‘et) is composed of foliated (gneissose) granite 
[XMiet rated by V(uns of tin* non-foliated varietv> and (lanke<l by tin* altered repres(‘nta- 
tiv(*s of slates and limestones m<*tamorphosed by the granite which has l)een forced up 
tlir<uigh them from below, hhnthcr to the west, tlie Kinehinjunga grou]) is also formed 
of granite, t flanked bv nu'tamof f diic rocks certainly in part dcriv^ed from pre-existin<r 


* tU^rordji^ (ivitliHj'u ftl Surrtf/ ttf fndift. Veil. XV (1882), |». 41, Vol. XV^I ji. 12a, aiul 

(icolofjicnl Mffjfizim, L)(?c. 111. Voluiiw I (1887), p. 21’). 
t H. *• in I). \V. l^’n'shiiold's Jifmnd KtnujrlH njunffa ( 11)011). 
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sediments but re-arranged and recrystallised by heat and pressure and converted into 
various forms of gneiss and schist. Owing to the rigid exclusion of British travellers 
from Nepal, we know little, or nothing of the geological characters of the highest moun- 
tain in the world, since practically the whole country is still unsurveyed. It is ])rob- 
ablc, however, that, like Kinchinjunga, the Everest group is composed chiefly of granite 
and gneiss. 

To the west of Nepal we are on surer ground, since botli Kumaun and Oarliwal 
have been geologically surveyed. Here again the high, pc'aks, such as Nanda Devi, 
the Kcdarnath group, and Kamet,* are all cennposed of granite and gneiss with gneiss 
and schist on their flanks. The same may be said of most of the high peaks of Kash- 
mir, including Nanga Parbat, Rakaposhi, and K2,-|- while granite is also probably the 
prevailing rock on Muztagh Ata and tln^ other high peaks of the. Kashgar range. 

This correspondence between the great elevation and the geological structure of 
the high peaks appears to be too constant to be attributable to mere coincidence, and 
we are forced to the conclusion that their exceptional height is due to the ])r<'S(mc.e of 
granite. This may be explained on two separate grounds, either (a) that tbe^ superior 
power of the granite to resist the atmospheric forces tending to their degradation has 
caused them to stand as isolated masses above surrounding areas of more easily 
eroded rocks, or (6) that they arc areas of special elevation. 

If now we examine the relationships of the peaks to one another, we find that 
along eertain delinile liiu'S the intervenii g areas a.< also rie(iuently composed of the 
same granite as fhe })eaks tlu'inselves, and if we lollow these definite lines we lurther 
find that they constitute the axes of tin' great ttiountaiii ranges. Thus the great 
[leaks lie on more or less continuous and elevate<l zones composed of granite and 
crystalline rocks, and since the lower portions of the zones are of the .same eornpositioJi as 
the peaks themselves, it is difficult to regard the latti'r merely as relics of a once continu- 
ous zone of \miform height, aiul it seems prubahh; that special elevating forces have 
bc(m at work to raise certain parts of the zone above the general level of the whole ; w'heii 
once such elevation has been brought about, the disparity between the higher peaks and 
the intervening less elevated areas woukl undoubtedly be intensified by the destruc- 
tive forces at work ; the mantle of snow and ice, while slowly carrying on its own work 
of abrasion, will serve as a protection for the peaks .igainst the disintegrating forc«‘.s of 
the atmosphere, whilst tlu; lower unprotected areas will he more rapidly eroded. 

By the assumption that the higher ])eaks are due to .special elcvatory forces, it is 
not intended to imply that each peak is the result of an independent movement, for it 
has already been sliowu in a previous sectioii of this paper that the peaks occur in well- 
marked clusters, any one of which may cover an area of many hundred square miles : 
when, therefore, during the development of the Himalaya as a mighty mountain range 
vast masses of granite woUed up from below, forcing their way through and lifting up 


• C. L. OrioBbach, Memoirs, Gcolmjkul Survey of India, Vol. XXIH (ISUI). 
^ K. Lydokker, Utt^ogicid Survey of India, Vol. XXll (1883). 
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the pre-existing rocks above, it is probable that owing to dissimilarity of composition 
and structural weaknesses in certain portions of the earth’s crust, movement was more 
intense at some points than at others, and that the granite was locally raised into more 
or less domc-like masses standing above the general level of the growing range : these 
masses were subsequently carved by the process of erosion into clusters of peaks. 
Whether the elevatory movement is still in progress it is not at present possible to say, 
but many phenomena observable throughout the Himalaya and Tibet lead us to infer 
that local elevation has until quite recently been operative, and the numerous earthquakes 
still occurring with such violence and frequency forcibly remind us that the Himalaya 
have by no means reached a period of even comparative rest. 
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PREFACE 


I N 1807 a Survey detachment was depute<l by the Surveyor General of Bengal to 
explore the source of the Ganges: this was the first expedition to the Himalaya 
undertaken for purely geographical purposes. A hundred years have now elapsed, 
during which geographical and geological information has been steadily accumulating 
and we have at length reached a stage where there is danger of losing our way in a 
maze of unclassified detail : it is therefore desirable to review our present position, to 
co-ordinate our varied observations and to see how far we have progressed and what 
directions appear favourable for future lines of advance. 

The present paper originated in a proposal submitted by the Surve-y of India to 
the Board of Scientific Advice at the meeting of the latter in May 11)06. The pro- 
posal was as follows : — The number of travellers in the Himalaya and Tibet is 
“ increasing, and a wider interest is being evinced by the public in the geography of 
“ these regions. It is therefore proposed to compile a paper summarising the geographi- 
•'cal position at the present time.” 

Subject to the modification that the scope of the paper should be geological as 
well as geographical, this proposal has received the sanction of the Government of 
India autl the work has been entrusted to us to carry out. Pn the understanding 
that the paper is intended primarily for the use of the public, we have endeavoured 
to avoid purely technical details and to present our results in a popular manner. 
Our subject has fallen naturally into four parts, as follows: — 

Part I. — The high peaks of Asia. 

Part II.— The principal mountain ranges of Asia. 

Part III. — The rivers of the Himalaya and Tibet. 

Part IV. — 'I’he geology of the Himalaya. 

Though the four parts are essentially interdependent, each has been made as far 
as possible complete in itself and will be published separately. The first three ])arts 
are mainly geographical, the fourth part is wholly geological : the parts are subdivided 
into sections, and against each section in the table of contents is given the name of the 
author responsible for it. 
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The endeavour to ren<ler each part complete must be our apology for having 
repeated ourselves in more places than one ; the relations, for instance, of a range to a 
river have been discussed in l*art II, when the range was being described, and have 
been mentioned again in Part III under the account of the river. 

As the mmuitains of Asia become more accurately surveyed, errors will doubtless 
be tound in what we have written and drawn: it is not possible yet to arrive at correct 
generalisations and we have to be content with first approximations to truth. 

Maps, too large for insertion in sncli a volume as this, are required for a study of 
the Himalayan mountains : the titles of maps illustrating the text arc given in foot- 
notes and are. procurable from the Map Issue Odice of the Survey of India in Calcutta. 
Constable’s hand-atlas of India will be found useful. 

We are much indebted to Babus Shiv Nath Sah.a and Ishan Chandra Dev, b..\., for 
the care with which they liavc <;hccked our figures and names, and to Mr. J. H. Nichol 
for the trouble Im has taken to ensure the correctness of the charts. Mr. Eccles and 
Major L(mox (^onyngham have been kind enough to examine all proofs, and to give 
us the benefit of their advice and suggestions. Mr. Eccles has also supervised the 
drawing and printing of the charts, and we have profited greatly by the interest he has 
shown in t hem. 

S. C. Bukrard. 

H. If. Hayden. 

March 1907. 
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8 

ON THE ORIGIN OF MOUNTAIN RANGES. 


T he surface of Central Asia appears to consist of two primary elevations of the 

crust, separated by a trough -like depression; the 
southern elevation is tlie plateau of Tibet, the northern 

is the Tian Sban chain, the, intervening depression is 

the Tarim basin (see frontispiece. Part I). A second trough is to be seen south 

of the Tibet plateau, separating that plateau from the ancient Viudhya mountains ; it 
is now filled with alluvium and constitutes the plains of Northern India, 

These two wide elevations of the crust and their complementary depressions form 
the basis of the mountains of Asia. 

Until a comparatively recent date in the geological time-scale — the middle ter- 
tiary epoch — all the northern part of what is now the Himalaya, and probably the 
whole of Tibet were covered by a great sea,* in which deposition of sediment had con- 
tinued for a vast period. At length, owing to forces, the origin of which we can at pre- 
sent only conjecture, a period of crust-movement set in and the lloor of the Tibetan 

sea began gradually to rise and to be thrown into a s(*ries of long parallel wave- 

like folds. 


As the (!rests of the (nu-th-wav(is rose from tin* wat(?rs of tin; S(?a, the\' wen* eroded 
by rain and weather, and the rising land became brokn'ii ainl iirijgular : drainage 
basins were carved out of its flanks and a river system, composed of “ transverse ” 
valleys, was gradually develoj)ed. As elevation eontimi(*d, tin* troughs of the folds 
emerged and a series of “ longitudinal ” valleys was established at right angles to 
the transverse valleys and parallel to the longitudinal axes of the h)ld8. From 
a combination of the concurrent processes of elevation and erosion, the existing moun- 
tain systems of the Himalaya and Tibet have, been slowly evolved. As demudation 
has proceeded, deeper and deeper parts of the errust have beam laid bare, but tlu^ forms 
of many folds can still be traced and the trends of their longitudinal axes followed 
for long distances. The folds, although analogous to waves, more nearly resemble the 
breakers on a beach than the swell of the open sea ; the form of their surface is rarely 
that of a simple arch and trough ; fold has been superimposed on fold, arches have 
been overturned until they are almost horizontal, and whole areas have been so distorted 
and crumpled, that the details of structiu-e can only be unravelled with difficulty. 
Where the stress has exceeded the breaking-strain of rock, the, structure has been com- 

• This W Mtt of ft previous geologicftl ago once lovcr^ much of Ku. oin: as well as Centnil Asia and has been n.i mo<l by 
guess the •• Tethys,*’ Waftiroi Science, Vol. II (1893), p. 1H3. 
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plicated by fracture ; parts of the crust have in some cases subsided, and in others been 
moved horizontally. Nor .arc these the only causes of complexity, for along many of 
the pl.ines of weakness and fracture molten material has been forced up from below, 
and has partly absorbed the original sediments. 

Though the origin and nature of the forces which produced the Himalayan 

mountain system are not subjects which fall within the 
tains* ^°'^*** ***** '^****'* **** s«op« of this paper, it may not be out of place to allude 

briefly to the more* important theories that have been put 
forward to explain the cause of folding. 

The great series of parallel plications in .4sia are supposed to have been tuiused 
by a horizontal thrust from the north : the sediments of the Eurasian sea were 
forced Jigainst the northern coast of the once continuous Indo-African continental 
mass which stood like a buttress in the path of the advancing earth-waves. The 
following hypotheses among others Viave been advsinced to account for the origin 

of such a thrust : — 

(а) Contraction of the earth. 

(б) Disturbance of isostas 3 \ 

(c) (.'hange in the rate of the earth’s rotation. 

{a) Contraclmn of the earth. — ^This hypothesis is based on the assumption that the 
earth as a whole is contracting in volume, owing to loss of heat or other causes, and that 
the rate of contraction of the inner nucleus is greater than that of the crust ; the latter 
is thus left unsupported and beemmes wrinkled, when adapting itself to its reduced core. 
.Although this theory has met with wide acceptance, it has been adversely criticised by 
many authorities chiefly on the ground of the inadef|uacy of any known cause — whether 
it be gravitation or loss of heat — to produce contraction on a sufficiently large 
scale to account for the observed folding.* 

The extent to which the surface of the earth has been contracted by folding appears 
to be ctmsiderable ; it has, for instance, been calculated that the folds of the Alps 
represent a contraction of 74 miles, and it has been roughly estimated, that the ori- 
ginal surface of Asia has bei*n shortened by wrinkling betwe(>n Siberia and India by 
at least 100 miles, and b}"^ possibly as much as 400.f Estimates of the contraction of 
the surface of the earth from the observation of folds are, however, of doubtful value. 
Even in areas of wliich the structure is known iu greatest detail, the problem cannot 
be solved by simple measurements, for folds of strata have, in certain cases, been found 
to indicate stretcliing rather than contraction, and it is impossible to tell how far the 
one effect has balanced the other.J 

(h) Disturbance of isostasy . — Tliis hypothesis was put forward by Captain C. E, 
Dutton in the year 1889.§ The terra “ isostasy ” may be most suitably explained in 

♦ Vide Rev. O. Fisher’s Phyaicti of the Earth's Crust. 

fin the Sub-Himalaya (\ S. Muldlemiss found a Lontraution uf 8 miles in 19. Memoirs, Geological Survey of India, 
Vol. XXIV, Port 2, p. 77. 

Tn the Henry Mts., G. K. Gilbert found that a bed of sandstone had been stretched by ;100 feet in a di.sUnce of threo 
mile. 9 . jEepen the Qeotogy of the Henry Mis . . U. S. D/parfmeni of ths ItUerior, 2iid Kdition (1880), p. 75. 

§ Jluli. Phil. Sot., WtiMhington^ \o\. XI (1892), pp. 51.04. 
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Dutton 8 own words ; “ If the earth were composed of homogeneous matter its normal 
figure of equilibrium without strain would be a true spheroid of revolution ; but if hetero- 
“ geneous, if some parts were denser or lighter than others, its normal figure would 
“no longer be spheroidal. Where the lighter matter was accumulated there would 
‘‘ be a tendency to bulge, and where the denser matter existed there would be a tenderiey 
“ to flatten or depress the surface. For this eondititin of ecpiilibrium of figure, to which 
“gravitation tends to reduce a planetary body, irrespective of whether it be homo- 
“ geneous or not, I propose the name isostasy. We may also uso the corresponding 
“ adjective isostcUic. An isostatic earth, composed of homogeneous matter and without 
“ rotation, would be truly spherical. But if the earth be not homogeneous, if some 
“ portions near the surface be lighter than others, tluni the i8ostali«* figure is no longer 
“ a sphere or spheroid of revolution, but a deformed figure bulged w'here tln> matter is 
“ light and depressed where it is heavy.” 

The presence in mountain ranges of masses of shallow -water tleposits, having 

a vertical thickness of many thousand feet, without break of continuity, proves that 

during vast periods of time deposition of sediment took place in seas of which the de(>th 

remained constant; this could only occur if the sea -floor continued to sink 'pari. passu 

with the deposition of sediment. Observations have also shown that the adjacent land 

surfaces, from w'hicdi the sedimentary material w.is being taken, were gradually rising 

and Captain Dutton was led to conclude * that “ these subsidences of acinimulated 

“ deposits and these progressive upward tnovernents of eroded mountain platfornis 

“are, in the main, results of gravitation restoring the isostasy, which has been disturbed 

“ bv denudation on the one hand and bv sedimentation on the other*’ ; that is to say. 

*/ * * ■ 

the eroded portion becomes lighter and ri.ses while the loaded area becomes heavier 
and .sinks, isostatic e<|uiHbrium of the crust of the earth being analogous to hydro- 
static equilibrium in a fluid. A cau.se has thus been suggested for the sinking of the 
sea-floor on the one hand ami the rising of the land on the other; but in ordi'r to 
explain the folding of the d<‘posits laid down, it is necc.ssary to take a step further ami 
a.ssume, as Dutton has done, that as sediment iiccumulates, the lower layers, owing to 
the pressure of the overlying material, acquire a <-. rtain amount of plasticity, and that 
there is produced “ a true viscous flow of the loaded littoral inward upon the, unloaded 
“continent”; .such a proce.ss might teml to form long parallel plications following the 
trend of th<! coad-line. The tiumry of i.so.sta.sy however does not account for th<; rise 
of the sea-floor and its conversion into a continental muss; \t\ fact, as enunciate*! hy 
Dutton, it tends rather in tin; opposite direction, ami its author *‘,\pressly stated that 
“ the theory of isostasy offers no explanation of the.se permanent *-har.ges of hwel.” 

So far as the Himalaya are concerned there are grounds ior believing that isostasy 
is operative and has been an important factor in mountain-build iiig at least during 
tbe later stages of growth of the Siwalik raiige.t but the hypotlu>si.s in it.s ].resent form 


♦ Op. Cif., 

i Kt‘v O. of the Eurlh's Cruatt (1S8VI), an* 

r. S. BliddJrnii.srt : Oto/ogical Svrvvrj oi lifdia. VoJ. XXi V, 2 (1889). 
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undoubtedly seems inadequate to account for the uplift of the northern ranges and 
of the Tibet plateau. 

(c) Change in the rate of the earth's rotation . — The rate of the earth’s rotation 
was formerly greater than it is now and, as the figure of a rotating body depends on 
its rate of rotation, any change in the latter will be accompanied by a change in the 
former. Retardation of the rate of rotation produces a more perfect sphericity, and 
tends to reduce both the excess of matter at the equator srs well as the deficiency at 
the poles. 'I’he strains thus set up might produce a wrinkling of the crust, but can 
hardly be held to account for the general plication of the surface of the earth. 

Other theories have been pro])ounded to explain the origin of mountain ranges, 
but all are open to objections. Th(?ories, that attribute surface-folds to changes in the 
position f>f th(‘ earth’s axis, cannot be given any weight, for although such changes 
are known to take place, they have so far been found to be very small.* The theory 
ascribing the elevation of the sea-floor to the expansion, which it undergoes from heat 
when it becomes buried under layers of sediment, has been fully discussed and dis- 
carded by Middlemiss.f 

* Vrof. Albi*ccht : AHtrua. Nach^ No. 3010, abstracted in Nature^ Vol. 58 (1898)y p. 42, 
t S. M!ddleiiiiH.s ; Mnnoirs^Oudogical Survtyof India, Vol. XXIV, Part 2 (1800). 
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OBSERVATIONS OF THE PI.UMB-TANE ANO PENDULUM. 


OL.scrvation.s of height cannot be tru.ste(l to show the original axial alignment of 
a mountain range. In the case of a rc'Cent range like the Siwalik. the highest peaks do 
perhaps overlie the axis of elevation, but in the course of years rain and rivers dis- 
figure the original form to such an extent, that when raiig<.*s an^ old, their highest points 
afford no clue as to the original configuration. Oeologists have often found from 
examinations of the lie of rocks, that a row of peaks, which ap[)ears to trigonometrical 
observers to be a range, marks the line of a former valley, and that the original hills 
on either side have all been washed away. 

Just as geological studies of rocks have upset conclusions derived from surface 
measurements, so have observations of the plumb-line and pendulum shown that the 
strueture of mountains is more complex and deep-rooted than investigations of surface 
rocks would lead us to suppose. 

A plumb-line, as is explained in Part I , is a string hanging under the influence 
of gravity. A cord stretched by a hanging weight is forced to assume a vertical position 
by the attraction of the earth upon the weight, but if a mountain is situated on one 
side, and a flat plain or deep sea on the other, the plumb-line does not coincide with the 
normal to the spheroidal surface of the earth but is deflected towards the excess of mass. 
If the crust of the earth were homogeneous, and if no mountains nor hollows existed 
at the surface, the plumb-line would everywhere coincide with the normal.* 

The earth is so large compared with mountains, that attractions exercised by the 
latter have but slight influence upon hanging weights, and deflections of the plumb- 
line are always small. Nevertheless deflections do exist, and by studying them 
we are able to calculate the excesses and de.ficiencies of mass hidden in the crust. 

[n many places in Southern India the plumb-line undoubtedly coincides with 
the normal, but deflections of S'' and 4" are also common. Near Bangalore a deflection 
of the plumb-line of 7" towards the south has been discovered ; at Deesa one of 8" 
towards the north, and at Bombay one of 10" towards the north. At none of these 
places are there mountains sufficiently high or near to cause so large deflections of 
gravity, and the sources of disturbance must be subterranean.f 

Between 1830 and 1840, when the trigonometrical survey was first extending its 
operations across the plains of Northern India, Sir George Everest found tlmt the 
attraction of the Himalaya mountains was not appreciable, even when they were actually 
in view. Everest’s station of Kaliana near Muzaffarnagar is 40 miles from the outer 

* For definitiona of tho words normal ivnd vertical see Part I, footnoto to |>a){e 2+. 

+ Oefleetions of tlie phinib-line arc determined from aatronomical observations, and are relative to aome aasumed datum. 
The vXes irivon in this paper are taken from The inUneity and dir clion of the f>jrcc of gravity in India. Philf,«ophieal 
Traneaetiona of the. Boyal Soekly, .Senes A, Vol. 205 (190o). 
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hillet and 120 miles from the line of great peaks, and at this point the plumb-line is 
only deflected 7" towards the Himalaya. 

In 1852 Archdeacon Pratt of Calcutta calculated what the effect of Himalayan 
attraction should be at Kalians according to the laws of gravitation, and he found 
that the plumb-line there ought to be deflected 27" towards the north. Seeing how large 
a deflection was indicated from theory, and how small the actual deflection proved to 
be, Pratt devised his famous hypothesis of “ mountain compensation”. He explained 
the difference? between the theoretical and the actual deflection by assuming the moun- 
tains to be “ compensated”. In all parts of the earth’s crust, he said, the amount of 
matter is the same. “ In the land portions of the earth’s surface,” to quote his 
own words, “ there is a deficiency of matter below the sea-level approximately 
” equal to the amount of matter above it : below ocean beds there is an excess of 
“ matter approximately equal to the deticvency of matter in the ocean as compared 
“with rocks.” Pratt’s theory, like the mo<lern theory of isostasy, assumed that 
mountains were being supported not by the rigidity of the crust but by the buoyancy 
of light matter floating in a denser medium. 

As the operatU)ns of the trigonometrical survey have come to be extended to the 
foot of the Himalaya, it has become increasingly evident, that these mountains are not 
c»>mpensated — at any rate not completely — by underlying deficiencies f)f density. At 
the foot of the hills north of Kaliana great deflections of the phmib-line have been 
observed — atNojlilS", at Dehra Dun 37", at Rajpur 47": at Siliguri in Bengal the 
deflection is 23". Throughout the omM' Himalaya themselves large deflections prevail, - - 
at Kurseong 51", at Tonglu 42", at Birond 44", at Mussooree 37". These deflections 
all go k) show that the Himalaya mountains must be exercising a more powerful 
attraction than the observations at Kaliana and other similarly situated places had led 
Pratt k) believe. 

The problem that confronted Pratt was, — Why do the Himalaya exercise no attrae,- 
tion at Kaliana? The problem that has confronted his succe8.sors has been, — Haw can 
the Himalaya exercise a powerf’ul attraction at Dehra Dun, and yet cause hut a small 
deflection at Kaliana, anly 55 m iles south of Dehra Dun ? 

If the attraction of the Himalaya is capable of producing a deflection of 37" at 
Dehra Dun, it will produce a deflection of 18" at Kaliana, and one of 1’6" at Cape 
Comorin, the southernmost point of India.* The attraction of a great mountain 
mass must decrease with distance in accordance with the laws of gravitation, and 
cannot die suddenly away. 

It w'as suggested by (leneral Walker that the deficiencies of matter underlying 
the Himalaya were situated so many miles below the surface, that their effect on a plumb- 
line at Dehra Dnn was small ami at Kaliana great — that their presence compensated 
the visible Himalaya when observed from the, distance of Kaliana, but not when observed 
from a near station like Dehra Dun. But this hypothesis did not satisfy mathematical 
tests ; the actual effects of compensating deficiencies were calculated for a great 

♦ Monthly Astronomitfil Socu7y, January 1902. 
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many assumed depths, and no depth could be found, at which the deficiency w<nild he 
compensating for Kaliana and not for Dehra Dun.* 

Tl\e explanation of the observed phenomena, that is now accepted, is that iu» in- 
visible. chain of excessive density, parallel with the llinuilaya, is underlying the plains 
of northern India : this buried chain is 150 miles dislant from the foot of the mountains ; 
at stiitions like Kaliana the southerly attrac.tion of this chain is count«*ractiug 
the northerly attraction of the Himalaya; a,t Dehra Dun. where the Himalaya 
are near and the Viuried chain is distant, the effect of the latter is not very apparent, 
but as we move southwards, the attraction of the visible mountains to the north de- 
creases, and that of the invisible mass to the south increases. The suddenness with 
which deflections of the plumb-line decrease as we lecc'de from the Himalaya 
is due to the preserree of a southern and subterranean source of opposite af.traction. 

In 1903 pendulum oV)servations were comnienced in India in order to test the 

correctness of the conclusions that had been tirawn 

Observatio.is of the Pendulum. , , ^ . r . i i \ i ■ j. mi i i i • 

from observations ot the piumb-line.y llie plumb-Ime 

shows the direction in which gravity is acting, tin* pendulum shows the strength 

with which it pulls. Deflections of the plumb-line are tine to the horiwntal attractions 

of surrounding masses : observed differences in the strength of gravity are due to 

variations in the vertical uttracti<jn of underlying masses. 

When a pendulum is being observed, the time in which it makes one vibraf ion 
has to be measured : if this time, is shorter than the normal time, gravity is strong in 
that locality ; if the time is longer than the norma! time, it is a proof that gravity 
is weak. If the force of gravity is found to possess exceptional strength, there must 
exist an excess of matter in the crust underneath the pendulum station : and if 
gravit>' is exceptionally w(*ak then*, must be subterranean defiffiencies of density. 'J'hus 
the pendulum indicates to what extent the local crust differs from the normal crust 
in densit} . 

The folkwing tables show the results obtained from pendulum observations during 
the last three yearsj ; — 


rfiiiliiliini lation. 


the llimaliiya. 



1 

.stMtioii - 
visil>l»* rxrt’.ss 
of rock. ^ 

liiviHibln 
deficiency of 
rock as 
revealed 
by the 

f 

1 iU’Miiltari 
execH.s of 
rock ill 
the Cl list. 

Ecot. 

Keet. ' 

Feet. 

! 4915 

— 37(K) 

4 l2Jr) 

696(; 

4070 

+ 2M96 

I 117(16 

-4180 

+ 7586 

6924 

—:noo 

+ 3824 

7131 

-:i270 

I. ;i«61 

7043 1 


^ 3663 


i Kurseong 
I Darjeeling 
I Sandakphii 

Mussooree (Camel’s Back). 

Mussooree (Dunsevcrick) • 

Simla . . . • 

VuovMy Notic e. Boyal SooVfy. January 1902, page 183. and Survey o/ Udia. ProleeHounl i».p,r 

t Jiopfcfcof Tranmciw>ie of the Royal Soeuly, Serie. A. Vd. 200 (1005). 

I See Major Lenox Conyngham'a reports on the pendulom operations m India. IJ.)3 to I. >00. 
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It will be noticed in the third column that a deficiency of rock, averaging 3600 
feet, underlies each of the Himalayan stations. The compensation is, however, 
not complete, and the last column shows the heights at which the stations would be 
situated, if the crust were everywhere of the same density. 

Table XXII — Stations near the foot of the Himalaya. 


Pendulum Btation. 


of 

station 
visible excess 
of rock. 

Invisible 
deficiency of 
rock as 
revealed 
by the 
pendulum. 

Resultant 
deficiency 
of rock in 
the crust. 



Feet. 

Feet. 

1 

Feet. ; 

Siliguri 


387 

—3840 

i 

—3453 j 

Dehra Duii ....... 


224J 

—3440 

—1199 1 

Kalka . . . 

. 

2202 

—2380 

1 — 184 ! 

Pathankot 

• 

1088 

—50.55 

— 3967 1 

The hidden deficiencies underlying these 

four submontane stations average about 


3600 feet; the last column shows, that in every case the subterranean deficiency 
more than compensates the excess above sea-levcl, and that on a homogeneous 
crust the whole submontane region would be situated below sea -level. 


Table XXIII — Stations between 20 and 30 miles from the Himalaya. 


Peudulum station. 


Jalpaiguri 

Ludhiana 


; j 



j 

invisible 


ITtfifrht of i' 

deficiency of 

1 Resultant 

! station - | 

rock as 

deficiency 
of rock ill 

'! visible exce.^s , 

revealed 

of rock. 

i 1 

by tho 
pendulum. 

the crust. 

1 

1 Feet. 

1 

Feet. 

Feet. 

268 

i 

—2700 

—2432 

833 

1 —1306 

i 

— 473 


Jalpaiguri of table xxiii is in the plains of Bengal, and 25 miles from Siligur; 
of table XXII : the underlying deficiency of matter has decreased by 1140 feet in 
those 25 mOes. 

Ludhiana of table xxiii is in the plains of the Punjab and is more distant fron 
the Himalaya than Pathaii hot or Kalka of table xxii by 26 miles: the deficienc) 
under Ludhiana is 1080 feet less than under Kalka, and 3749 feet less than undei 
Pathankot. 
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Table XXIV — Stations between 80 and 120 iitilca from the Hiiualaj’a 



Ponduliiui Mitatioii. 


1 

‘ of 

stutioii - 
viNiblp oxeess 
of 

1 

Invisible 
fXCCHS of 
rock as 
revealed 
by the 
jiendulum. 

Kcsultuiit . 

execBH of ] 

ro(^:k in I 

the crust. 




j Kret. 

1 

Feet. 

Poet. 

i Kisnapur 
; Mian Mir 
' l^'erozepore 

• • * • 

t • • • # 

• 

• I ll:} 

. 1 708 

. j (il7 

: ( io(H» 

i ♦ J70 

i -f- 227 

H- 878 
t 874 


Kisnapur is in Bengal, Mian Mir and Ferozepore in the J’unjab. Below those 
stations the crust is of excessive density. If the crust, were made homogeiu'ous. the 
stations of table xxiv would all stand higher above sea-level than th<!y do at 
present. 

The pendulum has therefore corroborated tin* conclusions whiisli wen; drawn 
from observations of the plumb-line. In Northern India there are three variations 
in the crust, where the ev<!-observer notices hut two forms »)f surface'. I’ln* eye- 
observer see^s a hilly region on the north and Hat plains te) the south : the pe>neitdum 
observer iinds three, parallel zones — the zone of mountains em the north, the zone e>f 
deficiency in the centre, the zone of excess to the south. 

From determinations of horizontal attracstions the observ(;r of the plumb-line 
was led to the conclusion that a great chain of density lay buried underneath the plains 
of northern India, and now the pendulum ob.server has arrived at the same result 
from an investigation of vertical attractions. 

If when observing near the foot of the Himalaya, we rely upon our eyes or uptm 
our levels, we become aware of mountains on tin* one side of us but none on the 
other: but if we disregard the evidence of <!ye and of level, and believe our pendulums 
and plumb-lines, we are led to imagine that we are standing between two mountain 
ranges, one of which visible to the north rises abruptly out of the plains, whilst the 
other invisible to the south slowly gains in «*levatioii for one or two hundre<ls of 
miles. 

It is not possible to explain how these variations ol density in the crust have 
come about or to what they are due : the parallelism to the Himalaya of the buried chain 
of density seems to indicate unity of origin, but whether the zones of excess and 
deficiency are caused by the weight of the Ilinialaya and of Tibet pressing vertically 
upon the yielding crust of the earth, or whether by the horizontal thrust of the Hima- 
layan arches against a subterranean abutment, we cannot venture an opinion. It 
may be that the Himalaya mountains are more «liie to the buried chain, than the 
chain is to the Himalaya, and it may be that both luouutains and chain hav<i been 
caused by one and the same movement in the <rni.st. 
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In reports on geodetic work it is customary to call the outer shell of the earth the 
crust, and in the descriptions given above we have repeatedly referred to the crust ; 
but we possess no evidence that a crust exists sharply separated from an interior core. 
It would indeed be more reasonable to assume thjit the so-called crust and core merge 
imperceptibly into one another. If, however, the crust of the earth does differ in 
density from the core, and if the transition from the one to the other is sudden and 
not gradual, the hidden excesses and deficiencies of mass revealed by the plumb-line 
and pendulum may be due to variations in the depth, at which the surface of the 
heavy core lies below the surface of the light crust ; the core may be approaching 
nearer to the surfact; of the earth in some places than in otliers. 

Our observations are at present insufficient to admit of the defth of the hidden 
variations of m^s being determined, but there are reasons for believing that the 
excesses and deficiencies, which have been discovered, are between 20 Jind 70 miles 
deep. 
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THE HIMALAYA AS REPRESENTED UPON MAPS. 

There is no portion of the earth’s surface so dinicult to represent upon maps 

Methods of hiii-shading. mountains of Asia. The complexity of their 

configuration tries the skill of the most experienced 
surveyors ; and the immensity of their area obliges draftsmen to keep a reserve of 
power in hand, lest they should reach the utmost possibilities of hill-shading 
before they have depicted the regions of boldest relief. 

In all discussions upon the drawing of mountains the fundamental fact to be 
recognised is that draftsmen have at their disposal an inadequate means of representa- 
tion. Hill-shading by strokes of a pen is a feeble method of indicating great variations 
of slope and height, and the artistic reforms that have been introduced at intervals 
are evidence of the dissatisfaction of map-makers. 

Three different systems of shading by pen strokes have been devised for the repre- 
sentation of mountains on paper, but n*'* one of th< tn can be held to be adequate. Under 
the first an appearance of relief was given to a map by making eastern and soutlu'rn slopes 
dark, western and northern light. Under the second tin? strongest darks were used 
for emphasising the greatest altitudes and the commanding points. Under the third 
depth of shade was made proportional to steepness of slope. In many maps the 
first and second systems have been combined, in many others the second and third, 
and in some few there are traces of all three to be found. 

In the General Report of the Survey of India for 1904-05, the Surveyor (Jeneral, 
Colonel Longe, writes : “I believe that no system has yet been evolved by any country 
“which deals satisfactorily from a systematic and artistic point of view with this 
“ question. If any light can be thrown on this ((uestion by any student of the subject 
“his conclusions would be most gratefully welcomed.” 

If we examine large scale maps of the Himalaya we become bewildered by the 

ramifications of ridges and spurs, and we fail to discovtjr 

Methods of generaiisauon. evidence of structural law underlying the chaos. 

If we turn to small scale maps, we find that the mountains have been generalised 
and are now represented in a simple form. But these generalisations have been 
carried out by draftsmen, who were unaware of the scientific problems involved, 

and they are nothing more than conventions. 

A draftsman can no more draw mountains without a knowledge of their structure 
than a landscape artist can draw a village scene without perspective, or than a figure 
painter can draw men and animals without studying their anatomy. If we attempt 
to cover many square yards of paper with hill-shading, without having a knowledge 
of the governing lines of structure, we only succeed in presenting a chaotic mass of 

incoherent details. 

L ^ 
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Kuskin says that it is always wrong to draw what we do not see. No one will 
oppose Ruskin’s ma.xim, but the dilfieulty in mountains is to see, and long experience 
is necessary to give the powe.r of doing so. The untrained eye will see detsxils 
readily enough, but it will miss the governing lines. In small scale representations 
we require the governing lines, not the details.* 

In many cases the surveys incorporated in maps have necessarily been executed 
by (\ye-8ketc;hing from great distances and the mountain features have been roughly 
delineated. But even when large scale maps do show the hills with accuracy the 
general effect is apt to be uninteresting and monotonous, and the draftsman, who has 
to construct from them maps on a smaller scale, is utterly at a loss to know what 
to retfiin and what to omit. 

Those who realise the diflicidties atteiuling generalisatit)n in any branch of science 
will sympathise with the draftsman who has to discover the governing lines of a moiui- 
tain mass. A surveyor can map the visible ridges and rivers, but he can never obtain 
a bird’s-eye view of the whole, and in his generalisation he is apt to attach an exag- 
gerated importance to the rivers. 

On almost all maps the water-partings are made the most conspicuous ranges : 

Undue emphasis is given to water- draftsmen see two streams and create a ridge between 
P**"*'"*!®* them : we thus have ridges running in all directions, the 

more important the water-parting the darker the ridge. This system has rendered small 
scale maps useless for scientific investigation. There will be no progress in Himalayan 
mapping, until the water-parting ridge.s are subordinated to the ranges of original 
elevation. The lines of water-parting, though emphasised on maps, have rarely any 
structural importance, and have but little interest for the geographer or geologist. 
What, for example, can be mtu’e misleading than to show Mount Everest rising from a 
southern spur of a Tibetan range, because the latter happens to be a water-parting t 
Yet this was done in the map illustrating the Imperial Gazetteer of India.f 

On a map a river is a sharp line, that admits of no modification ; a range is indefi- 
nite, and can be squeezed at will. On all maps the draftsmen begin by drawing as 
many rivers as the scale allows, and they adjust the hills afterwards to the rivers. 

In nature the mountains determine the directions of rivers : in maps the rivers 
determine the directions of mountains. 

The principal Himalayan rivers tend to flow down pevpendwidar to the great 
range : this important fact could hardly be ilhistrated on a large scale map, the details 
of which would be too intricate ; but it should be clearly visible on small scales. When, 
however, in practice a map coiiu's to be reduced from a large to smaller scales, the 


♦ rUt* following is extraetod from a luoiminiiulum on llio Survey of Ivashmir by Sir Heiuy riiuillier. Surveyor (ienoral 
of India, who was an exi»ort draft«iiiun : “ T\iv difliculty of ^tkiHching ground of such a character may he iinagined. To 

do so with any dcgive of faithfulness requires ji iKM'ulin» talent and is n gift or much as e.ojiying the human face. iStovenson, 
the civil engineer, in his evidence hchuc parliament on the Ordnance Survey of P'ngland stated his belief, that Uu re were 
not above eight i»er8on8 in Rnglaml who .uxlcrstootl how Co pourtray ground. If difficult therefore in England, it must \ie 
Htill more so, where <ho relative coinnitiaclM am so iinmciise.'* — JonrnnL Adtiaiic SiKieiy of Hrnrfal, Vol. X-ViX. 

Dated 1H8I.- 
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great rivers become nearer togetlu^r <m th»* pap«‘r, and less space is left for the 
hill-shading between them; in the coiirs*' of redticlion. tliough numerous ridg<‘s have 
to be eliminated, the great parallel rivers are retained as though they wi're the 
governing lines of the topography. Finally on the smallest scale t he draftsman tills up 
the apace between two rivers with a long ridgi; running parathf to them. 

Chart X illustrates our meaning: h(‘re we have a ])ortion of the Ifimalava as n*- 

Representations of the Kumaun presented on the I iTK*h=^32 miles map of India, and the 
Himalaya. . . , , . . , , ... 

representation has been obtaini'd Itv generalisation 

from maps on a larger aeale.* Three rivers, the Sutlej, t he Hliagirathi, and the Alak- 

nanda, rise behind the great Himalayan range and »‘ut across it. These rivers have 

been allowed to determine the form of the hill-shading on tlu' map, whereas in nature 

it was the great range that gave to the rivers their falls and determined their directions. 

In the first drawing on chart xi the same area is shown as represimted on the 
1 inch -64 miles map of India; the influence of the three rivers upon the hill-.shading 
is very marked. In the second drawing on <;hart xi an endeavour has been nuule to 
show how the hills should be shaded : the ranges have not been drawn following the 
rivers, but at right angles to them : the long spurs between tlu* rivers have been 
eliminated, and the parallelism and continuity of the ranges ha ve been emphasised. 

Until the Himalaya have been sui vcycd by geologists, we shall be limited b) draw- 
ing conclusions from the forms of the .surface. In studying surface fpature.s we must 
admit as evidence only actual measurements of lieight and position ; the artistic con- 
ventions entered upon maps must be excluded from consideration. In the drawing 
of maps on smtill scales each range must be traced by its peaks, not by its rivers. 

If we plot on a chart all the highest points of a region, we find that they align them- 
selves in narrow zones. This is how the frontispiece of Part I was prepared. The 
points of maximum altitude were plotted, and lines drawn through them, the higher 
the points the thicker the lines were made. Until geologists prove our assumptions 
to be wrong, the Unes of this frontispiece will be taken to represent the axes of 
ranges. 


* Kumaun and British < JarliwaJ Survey, Sealr* L inch == I mile. 
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THE HODGSONIAN CONTROVERSY. 

In 1849 Brian Hodgson, the celebrated naturalist, who was then the political resident 

in Nepal, advanced a theory, which has had great influence 
Hodgson s views. Upon niap-makers, and which is illustrated in chart xii. 

The great Himalayan peaks, he maintained, did not stand on a range of mountains, but 
on spurs projecting from the Tibetan range behind. Mr. Hodgson devised his theory 
to account for two phenomena, viz., (i) that the great peaks are not standing on a main 
water-parting between India and Tibet, (^V) that the Himalayan rivers tend to converge 
inside the hills instead of flowing at right angles to the liigh mountains in a great number 
of parallel courses. 

“We arc led irresistibly to enquire,” wrote Mr. Hodgson,* ‘‘why the numerous 
“ large feeders of the rivers, instead of urging their impetuous way from the snows to 
“ the plains by independent courses, are brought together upon or near the verge of the 
“ plains : how unity is effected among them despite the interminable maze of ridges they 
“ traverse, and despite the straight downward impulse given them at their sources. 
“ I answer, it is because of the superior elevation of the lateral barriers of these river- 
“ basins, between which there arc synclinal aloj)es of such decided preponderance, that 
“ they overrule the effect of all otlier inetiualities of surface, how vast soever the latter 
‘‘may sometimes be.” 

“ It will be seen by the map f chart xii) that these lateral barriers of the river-basins 
“ are crowned by the pre-eminent Himalayan peaks, that the peaks themselves have a 
‘‘ forward position in respect to the <jhU line or great longitudinal watershed between 
“ Tibet and India, and that from these stupendous peaks, ridges are sent forth 
“southwards proportionally immense.” 

Mr. Hodgson’s views were supported by Sir Joseph Hooker. “The snowy 
“mountains seen from the southward,” wrote the latter,! “are not on the axis of a 
“ mountain chain, and do not even indicate its position, but they are lofty 
“meridional spurs projecting soiith wards.” 

“ I have always said,” again wrote Sir .Joseph Hooker, “ that the Sikkim Hima- 
“laya(Imean the snowed mountains) do not form a continuous snowed chain running 
“ east and west, but that they are meridional ridges running north and south, separated 
“by waters that flow southerly between them.”! 

Mr. Hodgson’s arguments can be answered as follows : — the great Himalayan peaks 
are not connected by spurs with the Tibetan r.ange, but are separated from it by troughs ; 


• Journal, .Uiaiic Soctriy of lit mjal, Vol. XVIII, 1849. 

\ Himalayan Juuniala, Vol. IT, page 298. 

J Joitrnaly liuyal Oonjraphical Socklyy Vo'.. XX, 1851, 
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the great peaks are not limited to the ridges between liver- basins as drawn by Mr. Hodgson, 
but stand in a long line which intersects the basins ; the, Himalayan rivers have not 
been forced to converge, by lofty lateral spurs, but by the recent u])heavals <.>f the outer 
parallel ranges, which have barred the patlis of rivers and forced them to combine 
within the hills. 


Mr. Hodgson made the mistake of assuming that the; main line of water-paiting 
Undue importance attributed to between India and Tibet must be the main range ; in 
water-partings. paper it will be .shown that no single 

range forms this water-parting and that in paits of Tibet the latter (‘vcmi crosses flat plains. 

The great Himalayan range has been c,nt through in places hy rivtTS rising behind 
it ; the rivers were regarded by Hodgson as the fundamental featurt's of the topography 
and the isolated blocks, into which they had cut the great range, were incoiTectly 
assumed to be spurs of the range behind. 


’ The highest peaks of the Himalaya stand not on spurs hut in the erest-zone of a 
great range ; this is the primary fact of structure. The range resembles a crocodile’s 
back ; it is a wide flat arcli, w'ith relatively slight prominences, calletl peaks, and it has no 
sharply edged crest-line. The highest pcnkn till fall within a narrow zone running 
throughout the hmgth of tlio crocodile. Ollaciers have cut back betwee,n the -peaks, and 
created a serpentine, water-parting line, along the zone. Many of the great peaks .stand 
actually 07i the water-parting and many stand off it on either side : but wlicthcr they are 
on the water-parting line or not, they are all situated in the crest-zone of the range. 

The great Himalayan range is not the, water-parting between Imlia and TitnU : 
streams that flow down the northern slopes of Monnt Everest evtmtually find a passage 
through a gorge in the range, and join the streams that have their sources on the 
southern slopes: though this fact prevents the great range from being a oojitinental 
water-parting, it does not prevent it from being a regional water- |)arting. 


The range which stands behind the great Himalaya, and which was regarded 'ny 
Hodgson as the Indo-Tibet water-parting, is only :i regional water-parting: it separate, s 
the streams which flow into the (langes of Bengal from those which flow into the BruJi- 
mapntra of Tibet. But the Brahmaputra and (langes eventually unite in India, and 
the water-parting between their upper fee(h rs is no mon*, entitled to be called the water- 
parting between India and Tibet than the great Himalayan range i.s. 

A range, is a wrinkle of the Earth’s crust, a water-parting i.s a line carve«I l)y 
rivers, and though the two coincide during tin? youth t)f mountains, they begin to 
separate when rivers cut the mountains to pieces. 


8ir Clements Markham wrote: “A range, of 


mountains is a ridge of elevated land 


a 


running in one general direction, and the fact «»f its being cut through by one or more 
rivers does not alter its character and convert it into a series of spurs.”* 


• ClemeiURK. VaTWmiu..n(;«j .Sj/ste... m Ih-: Uenrjm fkirM M arj-tzin-., V IV, »»T?. 
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Longitudinal troughs separate the llinialayan and Tibetan ranges : and the great 
Hodgson gcnerftUsed froxn an exccp' peaks of TCvercsI. M^alcalu, Oosaiuthau and Tlhaulagiri 
aonai case, by cross-ridges with the range behind 

them; but Kinchinjunga is. Kinchinjunga stands at a point where the Himalayan 
range assumes an exceptional form, and Kinchinjunga being near to Darjeeling is 
the peak that Mr. Hodgson knew best, -perhaps the only great peak he had closely 
observed. 

A ridge, well known from the Ilimalayon Jo-urnals of Hooker as the Singalila 
ridge, runs from Tibet through Kinchinjunga southwards to the plains of India, and 
at right angles to the great range.* This ridge is an extraordinary feature of Hima- 
layan topography ; its crest follows a straight line from Tibet to Bengal ; the descent 
from the snows to the plains is almost continuous. In Southern Sikkim this ridge is 
a more marked feature than any continxious snowy range. It is probable that 
Mr, Hodgson generalised from the Singalila ridge and from Kinchinjunga, and in so 
doing he generalised from exceptions.f 

Mr. Hodgson’s theory of Himalayan configuration still finds supporters, and it has 

been even appli<‘d bv subsequent writers to other ranges 

Extensions of Hodgson’s theory. . ‘ . . 

than the Himalaya. Almost all existing small scale 
maps of Tibet contiuue to represent the great peaks of the Himalaya as standing on 
spurs of a hinder range, and it is common to read in geographical works that the 
highest altitudes of tlie Karakoram and of tln^ Hindu Kush are to be found not on 
main ranges but on lateral spurs.J 

The Himahiya have been compared to the Alps, audit has been said that in neither 
. , , . region do the highest peaks stand on the water-parting 

Comparison with the Alps. nr . . 

line. But \vc doubt whether any such comparison is 
possible. Though many of the high [Miaks of tlie Alps may not stand upon what 
is called the main chain, yet they are all sif uateil within the crest-zone of the range. 


* Sfu N<)rlh-Eii»U*rn 'rrans-froiituT sluiut. No. 7 N.VV., Scsilu I milus. It has huoii ai’i^ued that the iiatne Singa* 

lihi was eoiiied hy Hooker, am! tliat no siu h iijitive name «‘.\isl»i. ’Vhv n;uni? h:i3, liow eviT, heon widely nseil hy ijeo^rniphers 
following Hooker, am! iteaniiot l»e iihandoned now. 

Tlie trsiiisverse ricigo of Singiilita, scjuimling the !ia.sin.'i <»!’ the Tisla ;iml Kosi, is mit a solitary e.\eoptioii, ft»r the Nar 
kamla ridge Hcparating tlie basins of the Sutlej find .liiinna, am! I lie. C'h<»la ridge, separating the 'risia and Raidak. though 
sinallor, are similar. Singalila and ('hola are perpendieular to ihe greiit range, hnl Narkanda is oblhpie. No sneli eoii- 
l iiinouH ridge sepai Jit.es the basins of the (biiig(\s and Kali, <ir I hnsi- ,»f I he I lariges and Junnui : the river- hasiiis of the Fhinja h 
Himalaya are sepiiraled hy oblique ranges. 

J The following is an extra<d- from the imrial ive i»f the Survey «>f Kuiiiatin. vi<le ttrne.ral lit yftrl of ihv Sartry itf [aditi. 

1S77-78: 

‘‘ The features of tin* Nihmg valley t'orreipomi with flu* general phy.sieal geography of this belt of the Himalaya a.s 
obscrv«>d in other valleys: Ihe main wjiltrsheil being as a rule hiwer ami the slopes about it easier than the southern joid. 
more internipted range, on whieh the liighest gmnps c»f sin»wv peaks net-ur. 'I’he snowy range is, pro|STly sjH'aking, not ji 
oonliii’.!Oii« r!*.ng»’ l>ut a series of <*noriiious p»pui-i whit^h everywhere diuiiiiiate tlie parent ridge, the [iidian walerslu^d.” 

T'he following oxtraet is taken from Amomfthc Iliwalayas by CnUuiel I.. .V. Waddell. C.R.. HKH) * 

“ It was now evident that the Everest range like that tif Kiiu hiiijiinga seemed off the main jixis of the Himalaya and 
the margin of the great Tibetan plateau, and appi^areil ns a spur ami at righl auirh-s to that axis." 

The following extract is taken from t!ie i^and-hurird rut'nM of Khotan by Dr. M. A. Stein, ItlOl : - - 

‘‘ T'hc great |>eak wjis tmtirely separated,** (from the Kuen bun), ” an interesting ohservntiim fully in aeoord with the 
orfiifiapliy of the Kar akoram and Hindu Kush. There it h:i> long ag»i h<*tm remarked, that th<* points ot greatest elevation 
are not to be found on tin* actual watershed but on seeoiid:it \ >piirs delaeh.cd fnmi it.* ’ 
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The case of Mount Everest is quite different: here tliero are two paralh’l ranges 
sixty miles apart, separated by a deep trough; Mount Everest stands on tlu* one, 
whilst the water-parting is situated on the other. The Alpine peaks and tin- 
Alpine water-parting are at any rate upon the same range, but the Himalayan peaks 
and Himalayan water-parting are not. 


M 
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THE HIGH FJ.ATEAUX OP ASIA. 

The frontispiece of Part I illustrates the position and dimensions of the three high 
The horse shoe plateaux of Asia. The plateau of Tibet with an average 

height of 1.5000 feet is joined at its north-western 
corner to the Pamir plateau, height 12000 feet, and this again is connected by moun- 
tains with the Tian Shan plateau, height 11000 feet. The three plateaux together 
assume roughly the shape of a horse-shoe. 

The want of parallelism between the Tian Shan and Tibet ranges has been supposed 
to indicate a difference of origin, of age ar;d of elevating force. But no such conclusion 
is justified from the scanty existing data, and we must for the present regard the three 
plateaux as one mass. It is not safe to draw too positive conclusions from the direc- 
tions of ranges, or to assume that a compressing force must have acted in a direction 
exactly at right angles to the range it has raised; the heterogeneity of the crust may 
have had an important influence in determining the course of a range. If a portion 
of the crust, advancing under pressure*, meets with hard resistant subterranean 
masses, the course of the wrinkle will be deftccted. Buck a mass underlying the Punjab 
seems to have barred the southward advance of the Himalayan ranges on the west, 
to have forced the Tibet ranges to converge and to have caused the Karakoram-Hindu 
Kush range to take the form of a bow.* On the extreme west the Hindu Kush range 
does assume a significant parallelism with the Tian Shan. 

Chart IX has been drawn to illuslrate the extraordinary parallelism that exists 
between the southern border of the Ilimalaya-Hindu Kush system t)f mountains on 
the one side, and the northern border of the ancient mass of rock forming Peninsular 
India on the other. 

The interior of the horse-shoe formed by the plateaux is an inland desert basin 
{vide chart xxii) drained by the 'rarim river and its feeders ;f the .sand of this 
basin is annually accumulating, and Sven Jledin found towns ljuried beneath it. 
The lowest part is the lagoon of Lob Nor (height 2200 feet), and though there is no 
mountain range closing it on the east, its mouth here is narrow and the desert of 
Gobi beyond has a superior elevath>n of nearly 2000 feet. On the north and west 
and south it is bounded by decomposing mountains, and no other portion of the 
earth has so gloomy a future. Unless geological changes ensue, the sand will continue 
to accumulate, until the lagoon of Lob Nor and the rivers of Tarim are choked. 

We believe that the plateaux of Asia have been elevated by a horizontal pressure 
in the crust, and that this has continued to act in a meridional direction through long 
periods down to the present time. The wrinkling of the crust has taken many forms. 

* The iKTicluIuiii olwervationajia ruvealthl f lic jirespiiuG of a mass of great density underlying the plains of the Punjab, 
f Royal Geographical Society a map in Holdich*s Tibet the MyiU rioas, 
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Firstly, there are the great plateaux themselves ; secondly, the surfaces of the 
plateaux have been wrinkled into ranges ; and tliirdly, the surfaces of the ranges have 
been corrugated into smaller folds. 

The ranges are composed of consolidated reck, but the flat portions of the platean.x, — 

the only portions in fact which can be described as table- 
The flat portions of the plateaux. lands,* — are troughs between ranges, which have now 

become filled up with loose debris anti boulders, gravel, 
sand and mud washed down from the mountains and arranged in level layers by water. 
Ranges vary in breadth, in places bulging towards one another, in places receding 
frt)m one another, and the. intervening troughs and flat plains beetane alternately 
narrower and wider. 

“ The immense extent of the existing alluvium,” wrote Henry Strachey,f “ and 
“ the uniformity of its maximum elevation leatl me to infer that it must have been 
“ deposited under a general sea covering the whole country, and not by lakes, much 
“less by rivers.” 

Henry Strachey thought that the alluvium had been deposited at the bottom 
of an ocean and afterwards upheaved to its present height without the horizontality 
of its layers being disturbed. 

From fossil bones found at a height of J700U feet in Tibet, Colonel (.fodwin-Austen 
drew the conclusion that in recent times tlie climate which is now arctic must have 
been sufiiciently warm to enable the rhinoceros and other tropical animals to live. 
“ The only rational solution,” he wrote, “ which science could suggest, was that 
‘‘ writhin a comparatively modern period, closely trenching upon the time when man 
“ made his appearance upon the face of the earth, the Himalaya has been thrown up 
“ by an increment approaching 8000 or 10000 feet.” 

It is possible that the action of wind has helped to fill up tlui high-level basins 
of the plateaux with ]o<-ss : this was the suggestion of Baron V^jn Richtholen. Those 
of us Avho have lived in the plains of northern India can testily to the enormous 
amount of dust carried annually by wind into th<* mountains. The finer particles of 
dust are lifted to very high altitudes and are probably transport<‘d for hundreds of 
miles. 

Wind mav also help to distribute the clust that arises from tin? decomposing rocks 
of the plateaux themselves. These rocks are exposed by day to great heat from the 
direct rays of tli(“ sun, and by night to arctic temperatur«‘s ; and their surfaces rapidly 
disintegrate under the influence of these changes. 

The presence of boulders and gravel proves that the alluvium cannot lie wholly 
attributed to the action of wind, and Sir Martin (.’onway thinks that mud avalanches 
have filled iip the valleys. “ Mud avalanches, 1 maintain, have done all this w»>rk 
“of filling up the valleys, and done it too with great ra pidit y .’’j: 

* Valleys filled to a high level with debii.s arc however not .strictly speaking “ tiihle-lunda.” 

f Journal, Hoynl Or.ugraphicul Socuty, Volume XXIII. 1853. 

♦ Exjioralion in the. Ma^-lajh Maiiiitaint, by W. M. Conwuy in the a,.<j>jraphir.al Journal, Vol. II. 
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The mountainous area of Tibet e.xtends from the foot of the Siwalik range on 
the south to the foot of the Kuen Luu range on the north ; the alluvial deposits have 
been washed by rivers out of the greater number of troughs south of the Ladak range 
and north of the Kuen Lun range, and the principal Tibetan table-lands lie between 
these two ranges (see frontispie{;e to J*art I). There are however rock basins on the 
Indian side of the Ladak range that are still filled with alluvium, of which the 
plains of Nari Khorsam and the valleys of Kashmir, Nepal and Dingri and the several 
•‘duns ”, enclosed by the Siwalik range, are the principal. The extensive plateau 
of Tsaidam lies north of the Kuen lain.* 

From west to east the Tibi‘t plateau extends from the Karakoram mountains 
to the Kansu and Ssuchuaii jirovinces of China. Southern Tibet consists of troughs 
ilrained by the rivers of India, the Sutlej, the Brahmaputra, the Arun and others. 
Western Tibet has been compri^ssed between north and south, and its central 
range, the Karakoram, is the highest. Northern, north-eastern and central Tibet 
form a table-land which contains vast numbers of lakes. South-eastern Tibet is a 


rugged mount/ainous country, and not a table-land : its elevated mass has been cut 
up by the rivers of China and Burma and is intersected by deep ravines. Tibet is 
wooded in its south-eastern portion only. 

On all sides of the Tibet plateau rivers are cutting back into it by head erosion 
and the high level alluvial plains are only found intact in those portions which have 
not as yet been reached by feeders of the oceans. On the north and south and west 
the great rivers are confined to a f«‘vv thoroughly drained troughs, and they can only 
expand their drainage areas now, if their upper feeders succeed in cutting back through 
the ranges of solid rock bounding the troughs. But on the east the rivers of (.’hina 
lise in the wide troughs of central 'I’ibet and have before them the comparatively 
easy task of cutting back w(*stwards into the .soft alluvium, and of capturing for their 
basins long zones of the undraineil portions of the plateau. 

The portions of Tibet drained by the Brahmaputra, the Sutlej, the Indus and 

the Yarkand rivers are fairly well-known, and chart xxii 
The unexplored portions of Tibet. explorers have crosscd the plateau in all 

directions. Nevertheless large areas are still lerra- inieogiviMe. Sven Hedin has 
given us maps of northern Tibet. Prejevalsky of north-eastern, and Deasy of nortli- 
western ; but we do not as yet know the positions and heights of the ranges and 
lakes in the centre of the plateau, nor the we.sternniost limits of the drainage basins 
of the Yangtze, Mekong and .'Salween (frontispiece to Part I). 

'ITie narratives of explorers have led us to believe that the interior of Tibet con- 
sists of alternate ranges and troughs running east and west, the troughs being partly 
filled up with alluvium, and containing long series of lake.s. 


Royal Guogra.)bic»ti Sooi<*ly*s map puhiishod iu Holdich’s TibH fjic Mysterious. 
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In western Tibet the lakes are mostly dry, and flat plains occupy the spaces 

The pt.i.,., of western Tibet between the mountains. Of these lofty plains the 

following are the best known : — 




Area in 

ITcight in 



square miles. 

feet. 

Nari Khorsam 

. 

800 

15000 

Lingzi Thang 


1000 

17000 

Aksai Chin .... 


1200 

16.500 

Dapsang .... 


.lOO 

17500 

Deosai .... 

. . . 

000 

12500 

Those plains liold no water now ; 

Nari Khorsam 

has long heen dry 

, itiid having 1 


come part of the basin of the Sutlej is mov intersected by the deep eanytm of that river.* 

The plains of Tsaidam consist of salt-wastc's and swamps, and form the surface of 

the great high-level area, which nroiects from north- 

The plains of Tsaidam. ” ^ . . 

eastern 1 1 bet, and .separates the Tarim basin from the 
ilesert of Gobi (frontispiece to Part 1). Tliey are situated north of the Kueii lam 
range and are consequently not always regarded as part of the Tibet plateau itself. 
They however belong to the 'Pibet mountain system, and their e.xelusion from the 
plateau is a mere question of definition. 

According to Prejevalsky their surface i.s ITOO feet lowi'r than the level of the 
water in Koko Nor (height 1()7(K>. feet), the princ-ipal lake of north-eastern Tibet. 
The mean height of Tsaidam is con.se«|uently about 6000 feet Ie.ss than that of Tibet. 

Prejevalsky destTibed the T.saidam country as a salt marsh covered with high 
reeds. Its morasses, he said, were .so thickly impregnated with salt as to be enemsted 
with a layer in some places half an inch to an inch in thickness. The plains of Tsaidam, 
he thought, were in recent geological times the bed of a largt^ lake.’f 

Sven TIedin writes that the streams of 'P,saidam die away in the sand and that 
the central parts of the ba.sin are occupied by extensive marshes. :j; 

The mountains of t'hina are the eastern terminations of t ln^ 'Pibc't plateau, and 

belong to the .same .sy.steni of ranges as the Himalaya, 

Eastern limits of Tibet. 1 1 i <' i i i- i rm • e 

the Kiien Liin, and the Karakonini. I ho provineos ol: 
China, that embrace the mountainous are.i. .ire Kansu on the north and Ssuchtian <.u 
the south. Kansu is in the basin of the Ifoiing Ho, S.suchiian in that of the Yangtze, 
the water-parting between the two being of great altitude. 'I’lie aridity of Tibet give.s 
place ill Kansu and Ssuchuan to a damj) dimati*, and Preic'valsky found that a great 
increase of moisture occurs in north-ea.st 'Pibet immediately cast of Koko Nor.§ 

• Nari Khorsiim wiis dtr.scnbud in flonry Strauhoy’s papur — Jo irnul, Utnjal Geofjniphiv d Sncit ly^ Vctlunio Will, ; 

also in (^etyloyicul Surrfy of Indian Voluino .Will, IStM. 

•f N. Prejevalsky : Mongolin, Volume II, 1870. 

Sven Hedin : Through Aaia. 


SThe word Nor im ans Lah : if then we speak ol ‘ jMh hohn .\nr ’ eilljer tlie wonl Lokc or t.ht^ wand Nor is leduiidani , 
for both h«vo the same meaning. ( )n t he other h.ind the desi Hplifni ‘ Koko ' woiihl not sulTiee, and * Koko Nor ' would 

be defeclive in a popular at^eount. We are therefore of .ipinion 1 lial d ih.? pre.senl. .stage of 'J’ihelaii (h-ogr ii pliy il i.s desira Mr 
to accept tho form ‘ Uht Koko Nor. ^ hi the same way w«‘ eanmit avoid sjicakirig the ‘ Uike of Sir i Kul ’ f liough A'//f 
means Jjoke : the ‘ hake of Sir ’ would be iusum« ien1. In EnglHud we have the ease of Winder- mere and Dei went- waK r 
whicli aro freniicutty niKjkou of a« l-iiko Win.lor-m.-ic ati.l Uiko lUrwoi.t-watcr. (looKraphical tiana-H, which inchulc hotU 
a native word and its EnirUsh cnuivulcnl. such aa l-akc Koko N«v or l.akc Sir-i-Kul, Hhould never \.c iiacil u^.a ,n.,p ^ : lu 
caacB, where tho native word for lake, or river or ,ia«.. has come lo U. an essenlud p, art of the native Kcographu id name as 
in Koko Nor and Sir-i-Kul, it is advisable »«</«; »/»««/ > I'* adoiit the native iianie without any niixlihention 


m ivoko 
or addition. 
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The 7'iun Shan 'pkUeau.'^ 

The Tian Shan c<»n.sists of several ranges crowning a plateau, with alluvial plains 
in the intervening troughs. The main mass of the plateau south of Issik Kul is 150 
miles wide, and 1 1000 feet high ; the ranges separating the alluvial basins rise to 16000 
feet. 

The essential difference between the plateaux of Tian Shan and Tibet is that the 
ranges of the former tend to run in two directions at right angles to one another, whilst 
those of the latter take but one direction and are generally parallel. “ The two 
“ main directions of mountains in the Tian Shan, ’’writes Prince Kropotkin, “ are south- 
-west to north-east (that is, parallel to the fringe of the great plateau of East Asia) and 
“south-east to north -west which direction is taken by several ranges shooting off the 
“Tian Shan. The former is the oldest; the. mountains following it have been lifted 
“ up during the paUeozoic period, while the other line of upheavals was relatively mod- 
“ ern and attained its greatest force during the tertiary and post- tertiary periods. ”f 

The Pamir ‘plateau. 

The Pamir mass (see frontispiece to Part I) is enclosed in the rectangle formed by tho 
Hindu Kush, tho Kashgar and Trans Alai ranges ; it is the water-parting between two 
inland systems of dra inage, J one of which ends in the sea of Aral, the other in the 
lagoons of Lob Nor. Its elevated plains, like those of Tibet and Tian Shan, consist of 
h(»riz«nital accumulations of gravel dejmsited in rocky troughs. 

The ranges enclosing the alluvial troughs of Tibet are parallel to one another, and 

those, of the Tian iShan arc according to Kropotkin mutu- 

The structure of the Pamir plateau. ° ^ 

ally perpendicular ; the directions of the Pamir ranges have 
not yet been determined. We do not know how tin; Kashgar and Sarikol ranges connect 
with the Tian Shan (see frontispiece to Part I), nor how the crustal folds of the Pamir 
plateau trend west of the Sarikol range. We can form some idea as to the direction 
of the force which elevated Tibet and the 'Fian Shan into wrinkles, but the Pamir 
presents a more diflicult problem, which cannot be. solved from e.xisting data. 

Humboldt’s conception of the Pamir was a. great meridional range connecting the 
Tibetan and Tian Shan systems, and this vi(?w was supported subsequently by Hayward : 
but Severtsoff and Fedehenko contended that tho fundamental mass of the Pamir jdateau 
was a series of parallel ranges running from cast to west. From the plains of Kashgar 
Hayward saw a snowy range on the east of the Pamir running north and south; 
Fedehenko argued that this so-c.illed range consi.sted only of the ends of the parallel 
ranges which were running east and we.st. 


* Sot; Thr Centnd Tinn-*Sfta}i hK)r>, by Murzbat-hur. An uxt-elltMil account o£ the Tian Shan plateau was 

given by Ellsworth Uimtington in the (Jnnjraphicul Journnl for January li)05. 

t GeographictUJournal, Vol. X\lir, 1904. 

J Xortlierii Trans-frontier iSlieei Xo. 2 : sealo 1 mt h=BB8 luibw- 
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We know now that two ranges, the Keshgar and the Sarikol, separateil by a liigh 
level trough, do trend not exactly meridionally but from north-west to south-east, and 
these ranges form the eastern portion of the Pamir mass. 

The frontispiece to Part I shows these ranges to be connected with the north-western 
ranges of Tibet. That the Kashgar range is a continuation of the Kuen Lim is considered 
certain, but the connection of the Sarikol range on the chart with the Aghil is nothing 
more than conjecture. e cannot even conjecture how the Kashgar and Sarikol ranges 
are connected with the Tian Shan. 


As to the structure of the Pamir mass west of the Sarikol range, there undoubtedly 
exists a series of parallel valleys running east and west and separated by mountain chains. 
But we do not know whether these east and west chains are real original ranges wrinkled 
at right angles to the Sarikol and Kashgar ranges, or whether they are long spins of the 
Sarikol range carved by water. If tlu; latter view is correct then the whole Pamir plateau 
is a broad fold of the crust sloping steeply on the east, gently on the west, and running 
north and south. Whatever may have been the direction in which the principal force of 
upheaval acted, complicated cross-pressures from different sides hav(‘ probably contribut- 
ed to form the elevated mass that is now standing at the conjunction of the Tibetan and 
Tian Shan systems. 


The average elevation of the Pamir alluvial plains is 
The configuration of the Pamir I^OUO l<M?t, and that ol the niouiita-ins dividing them 

17000 feet. 

“Pamir,” wrote Stoliczka, “is not a plateau at all : it is a congregation of chains.”* 

“ We may say,” wTote Sven Hcdin, “that the Pamir may be grouped into two sharjily 
“ contrasted divisions, an eastern half which is principally a plateau land such as 1 have 
“ described, and a western half consisting of latitudinal mountain chains disposed parallel 
“ to each othcT. There can be no doubt that at one period the entire region was strictly a 
“ plateau ami that it is b« ing rapidly broken down by the agency of erosion. 

“The meridional range,” wrote Colonel Wahab, “ forms the eastern boundary of the 
“Pamir plateau; that range and the Hindu Knsli are the dofniiuiting features of the 
“ region ; the trend of the several ranges which are being curved out of the original plateau 
“is parallel to the Hindu Kush. There is nothing on the west that can be called a 
“ meridional chain, though the course of the Oxus is didlected in that direction by a great 
“ spur thrown out from the Hindu Kush north of Tirich .\Iir.”.]: 

“ Beyond the fact,” wn^te Lord fhjrzon, “ that the general elevation ot the Pamir 
“ valleys is from 12000 to 14000 feet, and that they are consequently at a higber level than 
“ the surrounding countries, there is nothing in their superficial character in tin* least 
“degree calculated to suggest a table-land or plateau, which I take to mean a broad 
“stretch of flat and elevated land, surroundeil, may be, and even interspersed, but not 
“ positively broken up, with mountain masses. Nor can anything less like a down or a 


♦ SupsH : iJan antlitz di f fJrde. 
t »Sven Hc<lin: Through Aniitt page 185. 
J Extract from » letter. 
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** steppe be conceived than the troughs or valleys, of no great width, shelving down- 
“ wards to a river-bed or lake, and uniformly framed on either hand by mountains, 
“ whose heads are perpetually covered with snow, which anybody who has been to the 
Pamirs will at once recognize as a fair description of those regions. In reality, over 
“ the entire region embraced by the title, it lia.s been calculated that the plains or valleys 
“ <-.on8titute less than one-tenth of the total area. Correctly described, a Pamir in theory, 
“ and each Pamir in fact, is therefore neither a plain, nor a down, nor a steppe, nor a 
“ pliiteau, but a mountain valley of glacial formation, differing only from the adjacent or 
“other mountain valleys in its superior altitude, and in the greater degree to which its 
“ trough has been tilled up by glacial detritus and alluvium, and lias thereby 
“ approximated in appearance to a plain owing to the inability of the central stream to 
“ scour for itself a deeper channel.”* 

Lord Curzon enumerates eight Pamirs or alluvial plains : — 

(i) The Taghdumbash Pamir lies in the basin of the Tarim, and north-east of the 

Kilik pass ; it is 60 miles long and from one to five miles broad ; it is drained 

by the Tashkurgan, a feeder of the Yarkand river. 

(ii) The Wakhan Pamir extends for 20 miles along the northern hank of theWak- 

han affluent of the Oxus. 

(iii) The Little Pamir encloses lake Chakmaktin and follows the A ksu affluent of 

the Oxus for 60 miles. It is a long grassy plain varying frotti one to four 

miles in breadth. 

(iv) The Great Pamir encloses the lake of Sir-i-Kul : it is 80 miles long and varies 

in width from one to six miles ; it is in the basin of the Oxus. 

(v) The Alichur Pamir lies north of the Great Pamir and is in the basin of the 

Oxus. It contains the lake of Yeshil Kul. 

(vi) The Sarez Pamiris north of the Alichur Pamir and in the basin of the Oxus. 

(vii) The Rang Kul Pamir containing the lake of that name lies north-east of the 

Sar<!Z Pamir ; it possesses no drainage outlet. 

(viii) The Khargosh Pamir is north of tin; Sarez Pamir and encloses the great 

Kara Kul lake ; it possesses no drainage outlet. 


• Ot'')(fraph{cal Journal, Vf>l. VII f, 1890. 
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THE PRINCIPAL MOUNTAIN RANORS OF ASIA. 

The plateaux have been wrinkled into ranges, and the intervening troughs have been 
filled with debris and their surfaces levelled by the action of water : one of the first tasks 
now confronting geographers and geologists is the investigation of tlie ranges, — the 
determination of their positions, Insights and trends. 

Although large |j<'rtions of the earth’s surface have been snrveye«l and examined, 
the origin of mountains is not as yet understood ; various c.\])lanatious have been oiTer- 
ed but none has been generally accepted. Ceolo-dsts and physiirists aiifl niatheniati- 
cians dilTcr in llu'ir vie\v.«, a!ul the probhans arising from the \vriid<!ing of tlu' earth’s 
surface must still be regarded as uusolvtal. (’oiuplcti* sur\(;ys of the. Himalaya will 
afford valuable data, provided we realise at the oulsi't lh<^ (piestinns involved. Wo 
niu.st not confuse rrnH/cs and /Vf/ge.v ; r'liufi's, however modilied by deiiudalion. are 
fcatun's of original structure; rldijrs are tlu^ resu'ts of erosion <«)ly. It'miffc.i, as (heir 
name denotes, must possess leiiglli, and an <‘!e\ated ring or d<ime or eompaet fuass 
could not be called a rani/c. Put 1 bough length is an civaMilial feat tire of a true 
rarir/c, a long litu' of moimtain.s is not necessarily a riiiKje, for it may have been carved 
by rain and rivers out of an older and larger mass. 

Surveyors and geologisbs will have to determine in I be fedd bow (be si'veral Tibetan 
range.s run, and whether they are conneetod by <toss- ranges or not; they will have 
to discover to what extent the form and structure of tin* Hiuialaya resemble those 
ol the Andes and Alps; they will have to enter ufion the invo'^l igat imi with oihmi minds, 
and endeavour to learn, without, pnaameeption or Vuas, how the Tibetan and Himalayan 
ranges have been upraised. 

The ranges of Central Asia ayipear all to belong to one great systiun, and to have 
no separate existence apart from that sy.stem, and no investigations are likely to be 
profitable that leave out of account the relations of the ranges to one another. “TJio 
“physical unity ” wrote Richard Strachey, “of the great mass of Tibet with the 
“Himalaya range seems to me very strongly shown by the general geological 
“ structure.’ ’ The parallelism of the Kailas, the Ladak, the G reat and Lesser Himalaya 
and the Siwalik ranges, all of which change direction together, is evidence of inter- 
connection. 

The high ranges of Asia -those that are known to us— may be chissified as 
follows : — 

J, Hariges of the first nvujnii'uAe, carrying many feaks 25000 feet— 

(1) The Great Himalaya in Nep d. 

(2) The Karakoram. 
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II. Ranges of the second magnitude, carrying many peaJcs above 22000 feet . — 

(1) The Great Himalaya in Kumann. 

(2) The Hindu Kush. 

(3) The Kuen Lun. 

(4) Tin; Kashgar rarige. 

III, Ranges of the third magnitude, carrying many 'peaks above 19000 feet — 

(1) The Great Himalaya in Assam. 

(2) The Great Himalaya in the Punjab. 

(3) The Gadak range. 

(4) The Kailas range. 

(5) The Tian Shan. 

(6) I'he I’rans Alai range. 

(7) The Za..skar rang*^ 

(8) The Aghil range*. 

(9) The Ninchiuthangla range. 

IV. Ranges of the fourth magnitude, carrying many peaks atmve 15000 feeA — 

(1) The Sarikol range. 

(2) The Alai range. 

(3) Eastern portion of the Pir Panjal range of the Lesser Himalaya. 

(4) Eastern portion of the Dhauladhar range of the Lesser Himalaya.' 

V. Ranges of the fifth magniiude, carrying many peaks ahnve 11000 feel — 

(1) Western portion of the Pir Panjal range of the Lesser Himalaya. 

(2) The Nort h Kaslimir range of the Lesser Himalaya. 


VI. Ranges of the sixth magnitude, carrying peaks above 7000 feet — 

(1) Western portion of the Dhauladhar range of the Les.ser Himalaya. 

(2) The. Nag Tibba range of the Tiesser Himalaya. 

(3) The Mussooree range of the Lesser Himalaya. 

(4) The Mahabarat range of the r^esser Himalaya. 

(5) The Rattan l‘lr range of the Lesser Himalaya. 


VII. Range of the seventh magnitude, carrying peaks (Jbovc 3000 fext — 

(1) The Siwalik range. 

It has been argued that the (treat Himalaya range is the “ border range ” of the 
plateau of Tibet, and eoinpansons lutve been drawn with other mountainous regions in 
which the highest range forms tin* border. Rut tlie frontispiece to Part I shows that 
the real “ border range ” on the s(;uth of the mountains of Asia is not the Great Hima* 
laya but the low Siwalik. 

Our geographical knowledge is not at present suflicier»tly complete to enable us to 

show- on a map all the principal ranges of Hierh iVsia. and 

Geographical knowledge incotnpiete. ® 

breaks in the lines of the frontispiece chart have been 
introduced where information is altogether wanting. British surveyors have observed 
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the high peaks of the Himalaya, of the Karakoram, of the Hindu Kush, of the Ladak 
and of the Kailas ranges. Hussian surveyors have fixed the principal points of the 
Tian Shan. But observations of the Kuen Lun have been limited to their western end ; 
those of the Sarikol and Kashgar ranges are deficient in accuracy and completeness, 
and our knowledge of the Aghil range and of all the ranges of central and eastern 
Tibet is at present based not on trigonometrical determinations but on the reports of 
travellers. 


It is possible that many of our present ideas of ranges will be found in the future to 
be incorrect: geographical science when it is not advanced by sound and systematic sxjr- 
veys, but is dependent on the information acquired from th(> itineraries of explorers, 
hastomakeitsway by zig-zags of approach, often overshooting the mark to which it is 
directed, sometimes perhaps going wrong altogether, but yet always endeavouring to 
reach its goal by successive approximations.* Until all data, that are based upon the 
writings of travellers and upon the cross-examinations of natives, have been superseded 
by the results of a rigorous survey, the geography of central, of northern and of 
eastern Tibet will have to be regarded as a preliminary approximation, which is liable 
to be largely corrected in future. 

We do not as yet know the number of great ra nges that cross Tibet from west to 
east : one explorer follows a trough between two ranges and another does the same along 
a parallel line to the south, but without trigonometrical detenni nations of the positions 
of peaks we cannot tell if the range seen to the south by the northern traveller is 
identical with that seen to the north by the southerti traveller. 

We do not know whether the Karakoram range ramifies in its eastern extension 
over central Tibet, nor how the Tibeton ranges merge into the obli(iue and diverging 
chains of Ssuchuan and Burma, nor how the Kuen Lun range; breaks up at its eastern 
extremity into the complicated network of jninor ranges, described by PrejevaJsIvy and 
Sven Hcdin. 


It is certain that great parallel ranges do tra verse Tibet from west to east and that 
after being compressed between Peshawar and Yarkand they tend to diverge as they 
progress eastwards. In northern Tibet Sven Hedin followed a trough running east 
and west between two ranges for 400 miles, Wellby explored a similar trough and Naiu 


Singh traversed one of great length in central Tibet. 

It is open to question whether we are justified in drawing the Kailas, the Ladak, the; 

^ ^ Great Himalaya and the Siwalik ranges, on the frontispiece 

Continuity o rang of Part I, continuous throughout their wholc lengths. By 

giving them an uninterrupted continuity we imply that each range is a s<*parate 
wrinkle of the crust, raised throughout its hmgth, not necessarily at the same time, 
but by the same series of movements. It is possible that these ranges will be found 
in places to cease and to consist in reality of two or more shorter ranges, differing perhaps 


• See General Walker’s notes on his map of 'riirkistun, whiirli he .......piltsl in the office of the Trigonomelrical Survi y 

Dchra Dun in 1873. 
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slightly in alignment and overlapping each other at their extremities. Observations of 
peaks, however, lead us to believe that the ranges are continuous and are not broken by 
overlaps. 

In the Great Himalayan range continuity of alignment has been almost established 
throughout. It is diflicult certainly to trace the prolongation of the Kumaun Himalaya 
into the Punjab, tlie 8utlej having cut through and destroyed all signs of the original con- 
nection (figure 4, chart xvi), but the evidence available tends to indicate that the 
Kumaun and Punjab Himalaya were once a continuous range, and there an; no signs of 
the existence of any original ovc'rlup. The only overlap that we know of is one on the 
Siwalik range illustrated in figure 2 of chart xix, and this occupies such a narrow area, 
that if the range ever grows into a broad high fold, the overlap will be lifted up and 
become a mere surface feature of the creat. 

From what has been said, it will be readily understood that no complete representa- 
, . . „ , tion of the principal ranges of Asia can at present be pre- 

pared. Hetween perfect knowledge and entin; ignorance 
there lies a wide field of une<;rtain information derived from inferences and speculations ; 
it is not possible to omit all nnv<;rified information ; were we to do so, our chart would 
be almost a blank. For the aid of future investigators wc must include theories and ideas 
which may be- confirmed or may be disproved hereafter. In the descriptions of indi- 
vidual ranges, however, care has been taken to distinguish bel.ween what is known and 
what is inferred. 

Though the range-chart of Part 1 may be found in the future to contain errors, it 
summarises the present position of Himalayan geography. No attempt has been made 
to show the spans of the, ranges nor the numbi'rless subsidiary ridges into which the ranges 
have been carved by water; we have merely indie-ated the trends of the original axes 
of elevation, and, in order to give some idea of tin; relative magnitudes of the ranges, we 
have thickened the alignments that carry the highest peaks, and drawn those, of low 
elevation finely. 
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THE RANGES OP THE HIMAl.AYA. 

The ranges of the Himalaya may be classified as follows ( cidc frontispiece 'of 
Part I ) : — 

(I) The Great Himalaya, a single range rising a.bov<i the limits of perpetual snow. 

(11) The Lesser Himalaya, si series of ranges closely related to the great range. 

(Ill) The biwalik ranges, which intervene bet\v»*et) the Lesser Himalaya and the 
plains. 


The Great Himalaya ranye. * 

The Himalaya is the name applied to th(^ intricate; and complex syslem of moun- 
tains that forms the northern boundary »)f fmlia from Afghanistan to Burma. Some 
writers have limited the name Himalaya, to the mountain ranges included between 
the Indus and the Brahmaputra, but any such lit\iilal.ion conveys an erroneous idea 
of the physical unity of the mass. The Indus and the Brahma])utra, like the butlej 
and the Ganges, cut across the Himalav'a through gorges, which they fhem.sclves have 
carved, and one »)f the problems now confronting geograplnu’s and geologists is the 
determination of the trans-lndns and trans-Brahmaputra course's of the Himalayan 
ranges. We shall not therefore be in a position to define tin* limits of the Himalaya, 
until the geology of their extremities has been stiulied. 


The Great and Lesser Himalaya and the Siwalik ranges are so ch)s»'ly related 

that it may perhaps be desiral)le to commence with 
fivIparaEoneli <lesci ijitiou ..f the ar.-a tlu'y cover. Th.. ..liter 

zone of mmintains, which is contiguous to the plains 
of India and which contains the small biwalik range and the valleys in rear ol it, was 
elevated more recently than the Himalaya : the width ol this zone varies from fiv.- 
to thirty miles, being narrow in those places where the Siwalik range is jammed against 
the Lesser Himalaya, and wide where open valleys intervene. 


The second zone is 40 or 50 miles broad, and is covered with mountains, that 
assume in the Pu ijab and Nepal the form of longitudinal ranges running generally 
parallel to the great range. In Kuinaun the, form is more intricate : here the peaks of 
the second zone do not appear to follow distuict alignments ol maximum elevation, 
but to be scattered throughout the region and to possess everywhere a Teinarkable 
uniformitv of height between (iOOO and 10000 feet. 

The third zone is 10 miles broad, and is occupied by spurs projecting southwards 
from the great range ; a few peaks of this zone exceed 15000 feet in height. 

The fourth zone is 15 miles broad, and contains the great line of snowy iieaks, 
the average height of which exceeds 20000 feet. With the exception^ of the low 
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ravines cut by rivers, the whole of this zone is situated above the limits of perpetual 
snow. To an observer on the outer hills the Lesser Himalaya appear to vary but 
slightly in altitude throughout a great area, but the Great Himalaya range to the north 
seems to rise suddenly like a wall of snow. 

The fifth zone is about 2i) miles broad, and contains the troughs of rivers rising 
behind the Great Himalaya. The average height of the beds of the troughs is 14000 
feet and of the mountains intersecting them 19000 feet ; the average height of the 
zone is considerably less than that of the snowy zone. 

The ranges covered with perpetual snow and the highest altitudes of the Hima- 
laya occur about 90 miles from the southern limit of the mountains. 

In the charts xiv and xv eight (“ross-s(;ctions are shown ; they have been drawn 
through the Himalaya at different points but always at right angles to the great range. 

The rocks of the Siwalik range are stratified and date from the latter half of the 
, tertiary period ; those of the outer Himalaya are strati- 

fied also but are very much older. 

The central axis of the Great Himalayan range is composed of granite and gneiss ; 
on either side of it are to be seen immtmse depths of sedimentary strata, which show 
that thousands of feet of rock have been removed from the crest-line. The granite 
solidified and cooled while below tlu; surface of the earth, and its original covering 
has been worn away by the subsequent action of seas and rivers. 

The Great Himalaya rose to la; a mountain range in the same geological ago 
as the mountains of Afghanistan and Baluchistan on the west and as those of Arakan 
and Manipur on the east.* The immense depression of northern India, now filled 
with the alluvium of the Ganges and Indus, dates from the same period as the ele- 
vation of the Himalaya ; as the latter w'as pressed upwards into an arch, the former 
was pressed downwards into a trough. 

Though the whole length of the Great Himalaya range belongs to one gcologi<!al 
age, yet the Punjab Himalaya are supposed to have risen at a somewhat later date 
than the Nepal Himalaya. The presence at elevations of 16000 feet in the Punjab 
Himalaya of nummulites indicates that this portion of the range did not emerge from 
the sea till comparatively recently. 

The direction of the Great Hinurlaya range does not bend with an uniform cur- 

vaturc, but follows different alignments. As it bends from 

Bifurcations. ^ ^ 

west to north-west it frequently bifurcates and throws off 
minor ranges on the convex side of the bends. At each bifurcation the minor range 
tends at first to continue in the alignment which the great range is forsaking ; it gra- 
dually, however, turns and finally runs parallel to the new alignment of the great range. 

For purposes of description it is convenient to divide the great range into four 

Thetouuength of th. Himalaya P‘^rt8,-thc Assam Himalaya, the Nepal Himalaya, the 
divided into four sections. Kumauu Himalaya, and the Punjab Himalaya. Whilst 


♦ A Manual of the Ocolofty of India, 2nd Edition, page 494. 
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in ill I lour piirts the groat riingo rises like a wall and the outer ranges tend to nni 
parallel to it, no one portion of the Himalaya resembles another. In Sikkim 
the lesser and outer ranges are absent ; in Kashmir they arc conspicuous ; in Kuuiaun 
they exist, but being obliqmi in their trend are not clearly marked. Sikkim is a trans- 
verse basin, Kashmir is a longitudiniil basin, Kuniiiun is an intricate region of moim- 
tains. 


In Nepal we find numerous rivei-s cutting across the Great Himalaya range ; in 
the Punjab between the Sutlej and the Indus we do not find one. In Nepal the great 
peaks stand in clusters and rows ; thot great ))eak of the. Punjab stands in solitude. 


The differences between different Himalayan regions show how im])ossible it 
is to deduce general laws from the study of one area. 

The Assam Himalaya extend from the Brahmaputra to the 'I’ista. Their higli- 

The Assam Himalaya. Kangri (table V, Part 1). The 

axis of the range appears to trend from east to slgihtly 
.south of west ; it meets the Nepal section of the range in Sikkim, and at the 
conjunction a change of alignment takes place, the great range in Nepal trending 
from cast to north of west. 


At the point where the change occurs, a remarkable sinuosity in th(> main range 
is observable ; the lower and outer ranges moreover disappear and two long spurs 
stretch southwards to the plains, — the 8ingalila ridge from Kinehinjunga and the 
Chola ridge from Pauhunri.* It is conceivable that the change of alignment, the 
sinuosity of axis, the disappearance of the outer ranges and the two great ridgea are 
all effects of an easterly pre.ssure from the direction of Burma along the range. 

The Nepal Himalaya stretch from the Tistsi to the Kali, and <-arry the pt-ak.s of 

Kvere.st, Kinehinjunga, .Makalii and Dhaulagiri. The great 

The Nepal Himalaya. ’ J o » « c 

range bends and bifurcates near Dhaulagiri (see figure J, 

chart xvi). West of Dhaulagiri (2679.5 feet) the height of the range diminishes and 

throughout the wide basin of the Karniili the highe.st peaks do not rise above 22000 

feet; near the western edge of the basin there is the Api-Nam])a cluster of peaks. 

Not far fi'om Nampa there is a secimd bifurcation of the great range (figure 2, 
chart xvi). At all the other Himalayan bifurcations the more northerly branch lues 
been regarded as the continuation of the great range, but from Nampa the southerly 
branch, carrying Nanda Devi (2.564.5 feet) and Badrinath (2.3190 feet) has been assumed 
to be the Great Himalaya, and the northerly branch carrying Kaniet (2.5447 feet) and 
Leo Pargial (22210 feet) to be the Zaskar range.f After the Nampa bifurcation the 
southern branch is so large and carries such high pcaiks, that the northern is obscured 
from view from the side of India : but at all (jther bifurcations tlu; northern branch 
remains the more important, and the more remarkable to Indian obs(?rvers. llimalayn 
was the name given by the Hindus to the snowy range ■visible from India, 

• North-East 'rransfrontior sheet No. 7 N. W., 1 inoh=4 miles. 

t Kamet is sovenleen miles in rear of Hmlrinath, the Vishn.iv'.inKa howiiiR between, Allas .SliMta OA ami C«; .S«f.*Ie I 
iiuch=4 miles. 



78 


THE PRINCIPAL MOUNTAIN RANGES OF ASIA. 


The Kumaun Himalaya stretch from the Kali to the Sutlej ; the highest peak 

The Kumaun Himalaya Nauda Devi (25645 feet). There are bifurcations at Bad- 

rinath and at the Sutlej (see chart xvi). 

After the bifurcation at Nampa the width of the great range becomes less and 
its altitude greater ; after the bifurcation at Badrinath (see figure 3, chart xvi) the 
width becomes greater and the altitude less. 

The upper surface of the Kumaun Himalaya appears to be corrugated. The 
Gangotri glacier, for example, at the source of the Bhagirathi flows for 16 miles along 
a trough in the crest-zone of the great range (see chart xxiv. Part HI). The mean 
altitude of its surfaee is 14000 feet, and there are peaks of 22000 feet on either side 
within 2 miles of it ; its trough is parallel to the axis of the great range. * Similar 
corrugations exist in the Nepal Himalaya behind Mount Everest.'f The parallelism 
of the corrugations leads us to think that tlu‘y are tlie results of a superficial compression 
of the crust. The view of the Great Himalaya, that is obtainable from the plains 
of India or from the outer hills, conveys tlie impression that the snowy range 
possesses a narrow and shar|)ly-edged crest-line, but this idea is incorrect: the summit 
of the range is several miles broad, and the great peaks .stand in a wide zone. To a 
distant observer the snowy range east of the Sutlej appears to resemble tlie edge of a 
saw, but its crest-zone measures 30 miles in breadth. 

The Kumaun and the Punjab Himalaya do not follow the same alignment, and 

originally met at an angle ; tlu'V are now separated 
by the defile of the Sutlej, which cuts across the range 
exactly at the angle. .\n ini[)orlant bifurcation occurs here (figure 4, chart xvi). 
After the bifurcation at Dhaulagiri the elevation of the range diminishes, and a 
similar diminution occurs after the bifurcation at the Sutlej. East of Dhaulagiri 
there are peaks exceeding 26000 feet, west of it but few ])eaks rise to 22000 feet. 
East of the Sutlej the Kedarnath, .laonli and Badrinath peaks stand above 22000 feet, 
but west of the Sutlej few peaks e.xceeil 20000 feet. We have already seen that as 
a range bends, it bifurcates, and now we s(*e that it changes it.s form after bifurcation. 

The characteristics of Ihe great rc.nge are so different on the two sides of the 
Sutlej that doubts as to its original continuity have been expressed : our maps show 
one range meeting the Sutlej from the east, and two, if not three, smaller ranges 
leaving it on the west. 

The difticulty of determining he original lines of structure is increased by the 
presence of the extrat>rdinary Narkanda-Mahasu ridge that runs diagonally 
across the Himalaya from tlie high snows to the low plains ; J this ridge is not cut across 
by any river, and its unbroken uniformity of descent is only equalled by ; that of 
Singalila. It forms the southern boundary of the basin of the Sutlej, and it was 


The Punjab Him<alaya. 


• Adas Sheet No. 66: 1 inch ‘^4 miles. 

•f Map of Nopal, 1 iucli= 16 

J Sec Atlas Shoot No. 47, sc a It* 1 inch ^4 miles, umt SlieetM of the Punjab Survey. Nos. 310 S.-K,and3ll N.-E., 
Scale 1 inch • hill f-.i -mile. 
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regarded by Mr. Fraser in 1820, by Captain Herbert in 1821, and by Captain (Jcraid in 
1822 as the real termination of tbc great Himalaya of Kunuuin and Nepal. 

The bifurcating branch at Badrinatli becomes the Dljauladliar range of the. less(M- 
Himalaya, that at the Sutlej becomes the Pir Panjal range of Kashmir. The Dhauladhar, 
the Pir Panjal, the Punjab Himalaya and the Zaskar ranges are all secondary 
undulations siipcrposed on one Hat broad arch, the span of which reaches from the 
plains of the Punjab to the Indus in Tibet. 

Near the centre of the Punjab Himalaya the range culminates in the Nun Kun 
peaks* (23410 and 23250 feet) which stand 3000 feet above the crest. 

The water-parting of the Punjab Himalaya follows an e.vceptionally straight line 
from the Sutlej to the. Nun Kun peaks, and again from those peaks onwartls, but at tin* 
peaks themselves it exhibits a double sinuosity, which is illustrated on chart xxxiv of 
Part III, and which is possibly a feature of original strncture. North-west of the Nun 
Kun peaks the crest-zone is in places corrugated. 

The northern and southern slopes of the Punjab Himalaya are very different in 
form and character ; the northern are bare and stony, but contain lakes and high 
plains, the southern are forest-clad but are seldom level. 

In the Nepal and Kmnaun Himalaya there are many river gorges piercing the 
granite range, but no river crosses the Punjab Himalaya. The Zoji pass, however, 
is a remarkable feature of the latter. This pass across th»> great range is only 11300 
feet high, and is consequently below the level of the troughs that Tu^ in rear of the Nepal 
Himalaya. “ Such a depression elsewhere would have been sulliciently tleep to open 
“ a passage, for the. drainage of tlie table-land, but the great dept h of the valley further 


“ north, in which the Indus How's, here gives tin* waters a more favourable escape in that 
“ directioii.”t 


Though the Zoji <lefile was probably carved out of tin? range by a pre-historic 
river, it is now a true pjiss, that is to say, it crosses a water-parting line, and from its 
summit streams descend in opposite directions. 'I’he desci*nt from the Zoji is very stee]) 
on the side of Kashmir, but is gentle on the side of Ladak ; the pass itself is grassy and 
so level fur half a mile that the, exact water-parting line is difficult to discover. Peaks 
rise immediately on both flanks of the pass to J4000 feet, and then gradually to lOOOO 


and 17000 feet. 

To the casual observer the Punjab Himalaya appear to terminate suddenly at the 

Western termination of the Great in the gigantic cone of Nauga I’aibat : and even 

Himalaya. trigonometrical observations have failed to indicate 

the course, of the great range beyond the Indus (see chart xvii). 

Schlagintweit considered that on the western side of the Indus the Himalaya ami 
Karakoram (see frontispiece to Part I) could not be separated into chains: “ th(*y 
“form,” he wrote, ‘‘ one mountain mass, the elevation of which decreases very 
‘rapidly to the westward,”^ 


• Ser and Mcr. ridt lahl<‘ vi .>f Hart 1. Kor an <‘xi>l<>r!Uion «1 Uio .Nun Kim litoni) sio llimtcr Workman's ttdile -s, 
OfotfraphtcalJournfiL 

I Sir Richard Struchey’s Ilimnlnya : Kncychtpadin Jirituniticn, \ ol. XL 
t Journal, Asiafic Socu fy of liimjtd, Vol, XXV I, 1857. 
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Coliincl Tanner wrote as follows of the country between the Indus and the Kunai* 
(see frontispiece to Part I): — 

‘ ‘ The central backbone may be des(!ribed as a huge broken table-land running up into 
“ wave-like ridges, which rise but a few hundred feet above the general level of the range. 
“ The ridges and peaks on the central backbone are all of nearly the same height, and are 
“ very similar to each other in appearanc^e, and conserjuently not easy to identify from 
“points more than a few miles apart. Korthis reason neither my surveyors nor myself 
“ have been able to fix with acmiracy any points on the watershed, nor the passes which 
“lead over the range, though several have been determined approximately. It is not I 
“only who have experienced a difficulty here, for the (Ireat Trigonometrical Surveyors, 
“ when pr«:)secuting the Kashmir triangulation, though they have fixed peaks far away 
“even in the very heart of Kafiristan, have failed to determine more than two or three 
“ points on the entire watershed, a distance of nearly 15(> miles. From the beginning of 
•'September the great ocean-like expanse of wavy ridges was snowed up.”* 

At a subsef|uent tlate Colonel Tanner referred again to the same region. “ We have 
now obtained,” he wrote, f “nearly all the topography of that remarkable region, which 
“ is situated on the northern slope of its ill -defined watershed, and to the eastward a small 
“ portion <»f the southern slope as well. It is an immense tangle of exceedingly sharp 
“ ridges, which zigzag about in the most perplexing manner. 'I’here are hxmdreds of peaks 
“ of nearly the same height and so like each other that after moving a few miles they cannot 
“ be recognised. One very marked feature in this range is the extraordinary number 
“ of mountain lakes or tarns, which are found as many as three or four together at the 
“ sources of all the small feeders.” 

Mr. Lydekker has also referred to the uniformity «)f elevation which prevails in the 
region noith-west of the Indus. “ vV remarkable feature,” he wrote, “ along the Indus 
“■ valley in Darel, for the notice of which the writer is indebted to Lieutenant-Colonel 
“ Tanner, is that all the peaks over a considerable area reach to a nearly uniform height 
•■ of about 2I(M»0 feet ; thus apparently leading to the conclusion that this level indicates 
•‘an old plain of marine denudation, originally bordered by higher ground of which 
“the peaks of Nanga Parbat and Rakaposhi reaching to over 26000 and 25000 feet 
“ are remnants.”^ 

Trigonometrical surveyors have thus not been able to trace by means of heights 
the continuation of the Creat Himalayan axis beyond the Indus, and the problem 
will not be solved without a geoh»gicaI survey. It is possible that the range curves in 


♦ General It* petit, tSurvty {/rtf India, 1S7S-7'.'. 

^ Qenerallif-porl, Survey of India, 

The following extract is also from rtUoiiol runner’s for l871>-8() : " Wi»«*n \ say that 1 have fixed 146 hill peakSt 

I do not wish it "to bo understoo^l that the jiointx have the ac onrocy of those hitherto aecepted by the Groat Trigonometri- 
•• fal Survey. The apexes of snino of iny f riaiiglos an* so acute that an error of one minute at either of the ends of the base 
“ would make an error of ten inileN in the pusition of f)w iH)int. 1 how however at some future time to be able to improve 
“ the -iiape of the tnaiigir.s so that tny fMiirif*- nIimII be trw t-> a teiitn of a uj:7e.” 

i Memoir O' ^ttnijiv'd Survey cf I ndm. \ J8S3. 
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parallftliRm to the Karakoram and Kailas ranges, and that the Indus has cut through 
it at its bend. If the bend i.s accompanied by a bifurcation, the same dillicultv 
of identifying continuity will occur here as has occurred at the Sutlej. 

The country to the west of the Indus has not as yet been geologically 
surveyed, and we know nothing of the treml of folds between the Indus and the 
Kunar. We know, however, that in ('hitral the prevailing strike of the .stratified n»cks 
as observed by Sir Henry AIcMahon is approximately from north-east to south-west.* 
whilst a similar trend has been observed by Mr. Middlemi.ss in all tne sedimentary series 
of Hazara, t and it is therefore highly probable that a corresjionding change of alignment 
occurs in the ranges of the intervening area. 

Though trigonometrical observations failed to determine the trans-Indus extimsion 

Eastern termination of the Great ‘‘aiige, they revealed the general surface foi in 

Himalaya. region, but ea.st t»f the llrahmaputra no oh,s('rvations 

have been taken; and nothing is known at all of this extremity of the Himalaya, 
beyond the meridian of JKU. J 

The southerly extension of the Ninchinthangla range shown on chart xvn is 
purely conjectural. 

'J’he Arakan ranges running in directions parallel to one another and perpendicular 
to the Great Himalaya appear on rnap.^ to be compres.se(.l unduly close together oppositt' 
the extreme point of the latter range ; north and south of this point they secun to diverge 
to a certain extent from one another. If we were to acce[)t the maps as reliable, we 
miglit be Jed to infer that the wrinkles of the Arakan ern.st had been squeezed together 
by the resistance offered to them by the point of the ])erpendicnlar rangi* : lint the 
country has never been surveyed and the maps cannot be acce])ted ; the .ip])arent 
crowding of the Arakan ranges against the Himalayan ]n)int must have originated in 
tlic imagination of a draftsman. 

Prince Kropotkin thinks that the Great Himalaya eontimies as a eonsiderable 
range through Arakan into (’hina, and that it is eut across by the Salween, the Mekong 
and the Yangtze. “ The great Khiugan,” he write';, “whieli is the eastern border range 
“ of the great plateau of east Asia, joins the Himalaya, and eonsetpiently in tin* region 
“(29° N., 117‘ H-) where we have on our maps fan-likc' chains of mountains radiating 
“ between the Salween, the Mekong and the Bine river, there an* simply narrow gorges 
“ through which these rivers descend from the plateau. 

There are, however, reasons wdiy we are unable to accept Prince Kropotkin’s 
theory : it is improbable that three extraordinary rivers, possessing long TibiUaii <-oiirses. 
should develop very clo.se parallel troughs betwi'cn Tibet and Burma : we believe that 

• OevU/gital Magazine, ilw-. l\ . \ <>'. (19W2), p. o. 

+ MenuATt. Oevlogical Survey oj India. \«»1. XXVI (189(1). 

J General Walker thought theax; were no peak* higher than JliTrt) h r! ••a.';! of longitndi- 93''. Pront dings. Hoy,,/ 
QfographieiU Society. 188/. 

5 OeograiphioalJoariial. Vol. XX HI. UHM. 
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the troughs in which they flow must be features of original structure : if the three 
rivers had had to force a passage through the Great Himalaya, they would have 

probably united before doing so (chart xvii). 

0 

It may be found that near longitude 98“ the Great Himalaya changes direction 
to the south-ea.st. On the other hand it is possible that no continuous extension will 
be discovered, and that the range will be shown to end between the meridians of 96“ 
and 98“. 

If we consider the great difficulty of tracing the Himalayan connection across 
the Sutlej through a tract that is comparatively well-known, we shall realise the 
futility of theorising upon the unexplore<l region cast of the Brahmaputra. Were 
a range to maintain similarity of form and uniformity of height on the two sides 
of a river gorge, no difficulty of identification would arise ; but rivers frequently cut 
across ranges at the very points where the ranges are unclergoing change in shape, 
and destroy the ranges at the places where the diffisrences originate. 

Chart xvir illustrates the similarities between the eastern and we.stern termina- 
tions of the Great Himalaya. We have as yet no proof that the Niuchinthangla 
sweeps round on the east as the K arakoram does on the wc'st, but the courses of the 
rivers in the two regions are very similar. On the north-w’est we have a number of 
rivers flow'ing parallel to the Hindu Kush and crossing the Himalayan alignment 
at right angles : there arc the Indus, the Kishanganga, the Swat, the Kunar, the 
Panjahir and the Oxus. On the east w’e observe the same phenomenon : the Brahma- 
putra, the Salween, the Mekong and the Yangtze all cross the Himalayan alignment 
at right angles. 

On the north-west the several parallel rivers flow intt) the Kabul river, which 
flows from the Hindu Kush on a course parallel to the Himalaya : on the east the 
Zayul river is to the Brahmaputra what the Kabul river is to the Indus. The 
Raga tributary of the Brahmaputra in Tibet has its counterpart in the Shyok tributary 
of the Indus (charts xxx and xxxiv of Part III). 

We have now to trace the crest-zone of the Great Himalaya and to observe its 

variations in height. From the ten Himalayan groups 

The variations in the height of the peaks described in Pait I and tabulated on pages 

crest of the Great Himalaya. 317 3 ^^ determine the lengths of the 

Himalayan axis carrying peaks of 24000 feet and 
higher, and the lengths of axis on which no such peaks occur. 

In chart xiii a longitudinal .section along the crest-line of the Great Himalaya 
range, from the Indus to the Tista, has been drawn to illustrate the principal gaps in 
the line of great peaks.* In the following table are given, firstly, the several lengths 


We hare not sufficient information to justify us extending the section from the Tista to the Brahmaputra, 
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of crest-line which have been observed to carry peaks exceeding 24000 feet, and, 
secondly, those lengths on which no peaks of 24000 feet have been discovert‘d : - 


TABLE XXV. 




1 

— 

The elevated portions of the range. 

U'ho di.>pri\s.sions of the riinm*. 

1 Li*ii>j[th of «M.ni ti- 
ll unijA (‘ri>,st-zono 

I.rngth of doprpH- 
sioiis in crc\st-7.oiie 


cnrryiii^ poaks 
excofdiii^ 24<M)0 Vft. 

whfTo no peakM of 
:2i()0(.) fout occur. 

Kinchinjunga group of peaks 


Miles. 

Miles. 

• • * • 

7 


.... 

Passage, of the A run Kosi . 

.... ! 

03 

Everest group of peaks . 

.... 

35 


.... 

Passage of the Bhotia Kosi . 


00 

Gosainthan group of peaks . 

.... 

2 


• • • • 

Passage of the 'JVisuli Gandak 



3!) 

Group V * . 

.... 

1 

« • • • 

• • • • 

Passage of the Biiria (Tandak . 


3-i 

Group VI* . . . . 

- • • # 

io 


.... 

Depression of range . 

; 

2(; 

Group VII * 

.... 

IH 

.... 

• • • • 

Passage of the Kali GantKk. 


21 

DliaiiJagiri grouj) . 

.... 

17 

.... 

.... 

Depression of range 

... 

223 

Nanda Devi . . 

.... 

1 

.... 

.... 

Depression of rang(? 

.... 

470 

Nang«a Parbat 

— 

2 

— 

Aggregate length of crest carrying great peaks 

IK) 


Aggregate length of gaps and 

depressions 


‘)3r> 


Ninety miles of the crest-zone of the Nepal Himalaya carry peaks exceeding 
24000 feet : the twin pcak.s of Nanda Devi are the. only points of the Kumaun Himalaya 
that rise above 24000 feet, and the peaks of Nanga Parbat the only points of the 
Punjab Himalaya. 

If complete maps existed of the Himalaya, the whole area would bo found to be 

dotted wdth passes : the number of passes runs into 
Passes over the Great Himalaya, thousands, and uo attempt has been made in this paper 

to compile a eatalogue. 

Passes do not as a rule possess any scientific interest ; they are mostly situated 
on the crests of spurs and minor ridges, and are seldom found upon the axes of the, 
great ranges. We will take the cases of a hiw well-known passes to illustrate 
■our meaning. The Tipta (15600 feet), for example, is a much-fretpiented pass 


Vide, page 38 of Part f. 
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of eastern Nepal, but it has no geographical significance ; it is situated on the 
crest of a southern spur of the Great Himalaya. — a spur that has been carved altogether 
by water, — and it allows travellers to cross from the valley of the Tarabar Kosi to 
that of the sister-river the Arun. The Kohtang pass (13000 feet, chart xxxii ) and the 
Hamta (14000 fe<‘t) cross the eastern section of the Pir Panjal range between Kulu 
and Lahaul and are on the water-parl,ing between the Beas and f^henab. The Buran 
ghati* (16121 feet) and the Shatul (16656 feet) cross the eastern section of the 
Dhauladhar range south of the Baspa. The Kamri (13260 feet) and the Burzil (13600 
feet) cross weather-worn ridges north of Kashmir. Even the Manirang (18000 feet), 
south of the Spiti basin, and the Baralacha (10047 feet), north of Lahaul, cannot be 
regarded as crossing the (ireat Himalaya. 

In the Nepal and Kumaun Himalaya travellers pass from India into Tibet along 
the channels of the great rivers : these channels, difficult though they are, furnish 
readier means of access than mountain paths above the snow, and passes over the range 
are consequently not necessary. The defile of a river is sometimes regarded as a “pass,” 
but when entered upon a map. the word “ pa.ss ” almost always denotes the highest 
point of a j)ath, with an a.scent to it from one si(h‘ and a descent from it on the f»ther.f 

The Bhotiii Kosi and Dudh Kv»si rivers (chart xxviii) rise in the Great Himalaya range 
but north of its axis, the former at the Thanglang pass (18460 feet), the latter at the 
Pangula (200tM) feet). These passes are the highest points of routes connecting 
Nepal and Tibet, but they are not situate<l on the axis of the great range, b(‘iiig 30 or 
40 miles in rear of it. The riv'(‘rs have cut tlown the axis and the pas.ses cross only 
the northern hank of the range. Similarly the passes into Tibet from the Tista basin, 
the Koru (16000 feet), the Nuku (18186 feet), the Donkia (1810 (t feet), are over the 
northern hank of the great range but not <»ver the axis ; the Tista has carved a bay 
out of the range behind the axis and the ]>as.s(*s lead over the northern edge of the 
bay. The Tang pass (15200 feet), however, near Chnmalhari. at the head of theGhumbi 
valley, is a pass over the axis of the great range itself. 

The Punjab Himalaya, not having been pierced by rivers, furni.shes more examples 
of passes crossing the axis than the mountains of Nepal and Kumaun. A notc.h in a range 
does not become a “ pass,” until it is fre<|uented by travellers, and though notches in 
Nepal are probably as plentiful as in the Punjab, they are not used as passes. In the 
Punjab the absence of river-gorges through the range obliges men to cross the crest-line, 
if they wish to enter Tibet, ami several passes, of which the Zoji (11.300 feet) is the 
best known, do traverse the axis of the great range. 


• Tho Boorendo ** of Get a id, 1821. 

t The Knglidi word “ pa«E ’* d»*Motes any iiarrnw Tin* Af^^hau word “ Kotal ’* and the Tibetan word “ La ’* 

denote the liighoBt point of a mountain path, with ail to it on one side and a descent from it on the other. The 

topographieal tymbcl for ‘‘ pn«H * h only applied on luups lo KnOil.’* or but the tmrd “ pass ” has been applied to 

long river beds like the Khyher ami Bulau 
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The Siwalik ramje. 

The Siwalik range separates the Himalaya mountains from the plains of India 

an<l is the southern border range of the Tibet nmuntain 

Its age and continuity. mi i • 

system. Tnough its upheaval was accompanied by 
movements of the Hinnilayan mountains themselves, and probal)ly by increases in 
the latter’s elevation, yet the Siwalik range is of more recent formation, and is, perhaps, 
the most recently formed range of similar magnitude on the earth. Ft is still in the first 
stage of growth, and it may be expected in the futAire to rise in altitude and to expand 
in width. 

With the exception of a short distance ol .*>0 miles, opposite to the basins of the 
Tista and the Raidak, the Siwalik range has been shown by geologists to skirt the 
Himalaya throughout their length with remarkable uniformity for IftOO miles, fr^)m 
the Hrahrnaputra to the Indus and even fo the west of the I’unjab. 

At the passage of the Sutlej there is a break — not a bend — in the alignment and 
the two lengths of range appear to ov«‘rlap. l^’igure 2 of chart xix shows how the 
range north of the Sutlej is not a direct prolongation of the one to the south.* If the 
elevation of the Siwalik range continues now to increase, and at a rate sufficient to 
dam the Sutlej, tlie present ov(‘rlap will be conv'erte*] into a sinuosity of the crest-line 
and water-parting, such as is often see-; on great /anges, and the present defile of the 
Sutlej will become a “ pass. ” 

In places the Siwalik range is pressed against the outer Himalayan ranges, and 

its existence would be overlooked by the casual obscTver : 
Its duns. other places, it is separated from the Himalaya for 

distances of 20 or 50 miles and encloses canoe-shaped longitudinal yall<?ys called 
‘ ‘ duns. ’ ’f The best known of these is the I )ehra Dun, that stretches from the (ranges 
to the Jumna : deposits <0’ roumlcd stones, gravel and sand have been brought down 
to the Dchra Dun from the Himalaya and have raised its surface 1000 feet above 
the level of the plains beyond the Siwaliks. Other duns near Kumaun are the Kotah, 
Patli, Kothri, ('hgumbi, and the Kyanla, and many I'xist in Nepal ; but they are not 
found north of tin? Ravi. 

The Siwalik range is strongly developed opposite the Debra Dun with steep .south- 
ern slopes and gentle northern : near the (sentre of this 
A bifurcation. range bends through an angle of 40 degrees, 

a similar bend being observable in the outer Himalayan range, 15 miles to the north. 
On the convex side of its bend, following the e.xarnple of its great Himalayan nciyli- 
bour, the Siwalik range threw off a branch range, remains of which are still vi.sible 
in the hill of Nag.sidh (see figure 3 of chart xix). .\s is a common occurrence in the 
great Himalaya, the Siwalik range is cros.sed by a defile at the very point of its bend.J 
Figure 1 of chart xix illustrates another bifurcation in the Siwalik range, 

♦ Allas sheet No. 47, Srnie I iiic*h~4 inih^s. 

^\\iUPhyi*iralOvUotjy nj th Siuh-UiTn^lnya nj aarJuml and Kmnamu by C. S. MiildloiniRs; Mrnwir\ r;rfd<Hjicnl 
Sun^ o/ Inditty Vol. X X l\'. JS!M». 

t Theaetilo i.s U.e :«oh«n s.-e Al.In> t 4S N. K ; also s«.- sIkm-Is ..f the Ilehra D»n an,! Siwalik 


Its “duns.” 


A bifurcation. 
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The Ganges bounds the Dehra Dun on the east, and east of the Ganges the SiwaJik 
range is compressed against the outer Himalaya : it is deserving of note that the Ganges 
cuts through the two ranges near their point of conjunction. 

The Siwalik range is composed of tlie same material, hardly consolidated, that 

forms the deposits of tlie level plains of northern India. 

Its rocks. Siwalik zone was formerly the northernmost belt of 

the fljit alluvial region : it has been compressed by lateral forces into a long fold or 
range. The folding of the Siwalik strata shows that tin? whole Himalaya must have 
advanced southwards.* The thickness of the strata in the Siwaliks exceeds 15000 
feet ; these immense deposits were all brought down by the Himalayan rivers and 
upheaved in recent times. The rocks of the Siwaliks are entirely of fresh-water origin 
and prove that the sea has not washed the base of the Himalaya since the eocene 
period, t 

The Siwalik range is of so recent a growth that its features arc for the most part 

the direct re.sults of crustal deformation, and arc con- 
its configuration. scquciitly Very different from those of the outer Himalaya 

which have been mainly modelled by river erosion. 

The Siwalik range is cut across by the great rivers of the Himalaya, but no open 
mountain valleys have been developed by its own streams: the latter are mere torrents, 
and are enclosed by precipitous walls. Its ridges and spurs are narrower, more shari)ly 
edged and more inaccessible than those of the outer Himalaya. 

The Swalik range is of importance because of its proximity to populated tracts, 
its wonderful continuity, and its geological interest, but from the point of view of mag- 
nitude it cannot be compared with any other range of the fronti.spiece to Part 1 ; 
the smallest ranges of the chart are the L<>sser Himalaya and the Siwalik, and of these 
two the former is immensely larger than the latter.J 

The Leaser Himalaya ranges. 


The Great Himalaya and the Siwalik ranges arc two long parallel folds of the earth’s 
crust, — about 90 miles apart from axis to axis (charts xiv and xv). The region enclosed 
between them is o(;cupied by the intricate system of ranges we have called the Lesser 
Himalaya and which we have briedy mentioned on page 75. Jf we allow for the 
widths of the Great Himalayan and Siwalik ranges themselves, the zone occupied by 
the Lesser Himalaya averages ptu haps .50 miles in width. 

The contortions of the .drata show that the fji^sser Himalaya region has every- 
where been compressed horizontally. These mountains are however the result not 


♦ A Manual of the Gcolotjtt of India. 

f Presiilcnti.'il n<ldres.s by Colonel God win- Austen to tl;c (.^cogrupliicul Section of the British As.sociation for the 
Advanuoincnt of jfeienc©, 1883. 

t Objection inny ho taken to lh« occ^nsional iisi that has i)Oon iniule of the jilunil form Siwaliks, Wc have our«elve.s 
no liking for it, hut tiiid it diflicnlt to .ivoi<l. The jiliiral hirm i.s niulouhtedly in general ii.so by residents. Similar plural 
form.'* are applied to many moiiiit .ms. .'•uch as the A/jjs, Apinnines, l*yrtnecs. We liave however avoided employing the 
form Himalayas In rids paijcr. 
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of one but of many movements of the crust and their history is more complex than 
that of the Siwaliks : ranges have been uplifted, and have been afterwards forced to 
change direction : the whole region has been subjected to successive compressions, and 
the general wrinkling process is probably still continuing. 

In Kashmir and parts of Nepal, where outer ranges are distinct, flat alluvial 
valleys arc enclosed behind the Lesser Himalaya, like the “ duns ” of the Siwalik and like 
the plains of Tibet, but in Kumaun, though rivers may run for miles parallel to the 
mountain axes, the longitudinal and high level alluvial valleys are absent. 

Cunningham in his work on liadak writes : “ The inferior mountains of the eastern 
“chain generally run at right angles to its axis, whereas those of the western chain 
“ are mostly disposed in subordinate parallel ranges.” We do not think that this view 
is correct. Cunningham was probably borrowing his ideas of the Nepal Himalaya 
from the writings of Brian Hodgson. Though the inferior mountains of Kumauu 
and of parts of Nepal do not run so clearly parallel to the axis of the great chain, as 
those of the Prinjab, yet throughout the Lesser Himalavta the governing lines are parallel 
and the most striking characteristic is parallelism. 

If we attempt to analyse the Ticsser Himalsvyan ranges, we find that they can be 
divided into two classes : (o) those that branch from the Great Himalaya, (fj) those 
that are separate folds. The branch ranges of the first class run oblicjuely across 
the mountain area ; the separate folds of the second class follow curvilinear alignmenf s 
parallel to the great range. 

The great range bifurcates generally at the points where it is changing its align- 
ment, and each successive branch range adopts the alignment, which the trunk range 
is forsaking. Having traversed the mountain area obliquely the branches slowly 
alter their direction and finally run parallel to tin; great range. 

We may classify the seven known ranges of the Lesser Himalaya as follows : — 

the Nag Tibba, 
the Dhauladhar, 
the Pir Panjal, 
the North Kashmir. 

These four ) anges are oblique and arc separate branches f)f the great range. 

The three outer ranges, which may or may not be dift'erent sections of one long 
range, are — 

the Mahabarat, 
the Mussooree. 
the Rattan Pir. 


The Nag TiWa range. 

The most easterly oblique range, that is known to us, branches from the Great 
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Himalaya near Dhaulagiri (figure 1, chart xvi) and runs at first in prolongation of the 
great range’s alignment. It (!ontinue.s in a straight line strongly developed across 
the basin of the Karnali ; it passes through Almora, Nag Tibba and the Chur,* and 
conjoins with the Dhauladhar range near the Bara Bangahal (chart xvm). For 
over 100 miles in Kurnaun this range is without a break, and it compels the 
Alaknanda, the Pindar and the Sarju to How parallel to it along its northern flank : the 
Alaknanda and J’indar rivers combine to pierce it north of Hardwar, and the Sarju 
combines with the Kali to pierce it near the western border of Nepal. 

Twenty -four miles west of Dhaulagiri (26795 feet) the highest peak of the Nag 
Tibba range is 23750 feet : at 52 miles the highest peak is 19875 feet, at 70 miles 15000 
feet, at 96 miles 12000 feet ;t south of the Pindar river its peaks are {>000 feet. 
These figures indicate how the branch declines in height on separating from the 
trunk range. J 

The Dhmdadhar range. 

The second obrupie range branches from the great range near Badrinath, and 
runs south of the Baspa tributary of the Sutlej. It is cut in two by the Sutlej at 
Rampur and by the Beas at Larji ; and it is crossed by the Ravi south-west of Cliamba. 
The northern flank of the Dhauladhar range impinges against the southern flank of the 
Pir Panjal range at tin? mountain knot of Bara Bangahal.§ The bifurcation nofir 
Badrinath is illu.strated in figure 3, chart xvi, and the conjunction of flanks at the 
source of the Ravi in chart xviii. 

The Pit Panjal range. 

The third oblique range leaves tlie great range at the Sutlej (figure 4, chart xvi), 
and forms the water-parting between the ( ’henab on one side and the Beas and the Ravi 
on the other. It bends towards the Dhiiuladhar range near the source of the Ravi, and 
the clash between their flanks has created the mountain knot of Bara Bangahal (chart 
xviii). The Pir Panjal is the largest of all the Lesser Himalayan ranges, and even at 
its extremity in Kashmir it carries many peaks exceeding 15000 feet.|| South of Lahaul 
a considerable area rises above the snow line and numerous glaciers exist: south of 
Kashmir there arc no glaciers, but in places snow lies throughout the year. 

The North Kashmir range. 

The fourth oblique rang,e branches from the great Himalaya near the Zoji pass : 
it constitutes the w'atcr-parting between the Jhelum and Kishanganga, the latter river 
draining the angle formed by the bifurcation. Its height is greatest near the point of 


* The Chur is a rcmarkablo double peak (11966 feet) twenty-live mile.s south-east of Simla. It is composed of granite 
and is supported by seven buttrossos. Tt cxce»edR in height by 1500 feet all points within thirty miles of it. Though so 
prominent it is less'high than the peaks of the l*ir Panjal range. In 1816 Captain Hodgson and Lieutenant Herbert &tor- 
mined the difference of height between the two peaks of the Chur as 460 feet; the higher peak they found to be 1^ miles 
north of the lower. Atlas Sheet No. 47- 

f Between latitude 29° W and 20° 20^, and longitude 82° and 81° 30.' 

♦ It is 17776 feet in Ion«itade 82^ 30', 15000 in 82° 10', 12000 in 81° 30', and 9000 in 80° 45.' 

S Map of Kangra, I inch ^ miles ; Atlas Sheet No. 47. 

II Map oi Kashmir, I inch 2 miles. 
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bifurcation, one of its peaks, Haramukh* (16890 feet), reaching above the snow -line, but 
westwards it ramifies and declines. For the first 100 miles of its length it is without 
a gorge ; its width exceeds 30 miles. 

The Mahaharat range. 

West of the Singalila ridge an outer parallel range, known as Mahaharat, traverses 
the basins of the TCosi and Gandak ; it is strongly marked and continues through western 
NepaLf Immediately to the east of Singalila, however, no such range is visible, all the 
lesser ranges having disappeared from the basin of the Tista, Further to the ea.st in 
Bhutan trigonometiical observations have disclosed the existence of an outer range 
in latitude 27^'^. 

The peaks of the Mahaharat range vary from 6000 to 8000 feet, dwindling near the 
left bank of the Kosi to 5000 feet ; throughout its length this range, though serrated like 
the edge of a saw, offers but few recogni.sable points to trigonometrical surveyors. 

The Mussoaree range. 

Between the Ganges and Sutlej there is an outer alignment of hills, of which Sirkanda 
(9080 feet), Landour (7464 feet), Banog (7433 feet), Badraj (7320 feet), and Kasauli 
(6322 leet) form pr«>minent points: whether this is a. remnant of a more southern 
range, now almost (.‘xtinct, or whether it originally formed a flank of tlie Nag Tibba 
range, 10 miles to the north, we arc unable even to conjecture : nor can we tell at 
pre.sent, whether this so-called Mussooree. rang<? is a continuatio>i or not of the Maha- 
barat range of Nepal. 

The line of mountains W(^ have called the Miussooree range has barred the exit of 
the Ganges from the mountains and has forced the Bhagirathi, the Alaknanda, and the 
Navar atfluents to unite in rear of it : the junction of tlu^ Tons an<l the Jumna is also 
due to its presence. 

The Rattan Pir. 

South of Kashmir the outermost range is known as the Itattan Pir. Thisrang(^ may 
be the western extremity of a long outer range, presstnl near Kashmir against the Pir 
Panjal range, or it may be an old Hank of the Pir Panjal range itself and not a separate 
fold. It is separated from the Pic Panjal by the river Punch. 

If the Lesser Himalaya had consisted of the oblicpie ranges only, the mountains 
might have terminated in the plains of India a.s diverging and diminishing chains — 
increasing in number and decreasing in magnitude — like the Hindu Kush in Afghanistan 
and the Kuen Lun in China. But one or more outer ranges secern to have been upheaved 
parallel to the great range and these appear to have pressed back the obli<pie ranges 
and to have formed a curvilinear wall stretching almost unbroken for 1600 miles from 
the Brahmaputra to the Indus. If the sea were now to flow over the Indo-G angelic 
plains, the Himalayan coast would be along w.all without capes or islands. 

* Tho trigonometrical station of Haramukh is KKK)! foot liigli and f>nc mile north-west of tho poiik. 
t We can trace it from longitude 86®, latitude 271’, through 80’, 27 and 83’, 28’ to 80J°, 2I)i’. 
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If we examine chart xxin of Part III, or the drainage charts xxiv to xxxiv, 
we find that the river basins of the Nepal Himalaya are disposed symmetrically with 
regard to the ranges, but that this is not the case in the Punjab Himalaya. The Hima- 
layan basins of the Tista, the Kosi, the Gandak and the Kamali arc of simple and sym- 
metrical shapes, such as would be expected to result from rivers flowing down from 
a great range. But the basins of the Sutlej, the Beas, the Eavi, the Chenab and the 
Jhelum are disposed obliquely with regard to the Himalayan alignments; the axes of 
these basins are parallel to one another but inclined at an angle to the line of snow 
peaks. 

The symmetry of the Nepalese basins is due to the fact that the Lesser Himalaya 
ranges in Nepal are mainly parallel to the great range : the obliquity of the Punjab 
basins is due to the Lesser Himalayan ranges in the Punjab being mainly oblique. 
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Its continuity. 


THE RANGES OF SOUTHERN TIBET. 

The three principal ranges of Southern Tibet are tlie Zaskar, the Latlak, and the 
Kailas. 

The Zaskar range. 

The Zaskar range appears to bifur(*ate troni tlie great Himalayan range nejir Nampa 
(see figure 2, chart xvi), but the exact position of the bifurcation is not known. 

The Zaskar range, after leaving the Great Himalaya, culminates in the peak of 
Kamet (2r>447 feet) : near the point of its intersection by the Sutlej the twin peaks of 
Leo Pargial (22210 feet) rise from it, and in the basin of the. Spiti river it carries the 
peak of Shilla (2.S050 feet). Beyond tin* Indus-Spiti water-i^arting its peaks rise to 20000 
feet, but further to the north-west they do not exceed 18000 feet. 

Through the basin of the Indus the Zaskar range can be tra<*ed at intervals run- 
ning in a north-westerly directioti parallel to tin; Great 
Himalaya :* the region it traverses north-w'est of Spiti 
is, however, occupied by complex rarnitications of mountains, apparently branching 
in many directions, and there does not seem to l)e any definite continuous axis to wdiich 
all the ridges belong. Tn some places the Zaskar fold can be chsarly .seen : in others there 
appear to be two or more close parallel folds. The continuity of the range as drawn in 
the frontispiece, to Part T has not, we think, lieen demonstrated.j' 

Sir Alexander Cunningham refers to the Zaskar range in his work on Ladak, and 
is confident from personal observation of its continuity : It extends,” he writes, “ in 
“ one unbroken chain through the districts of Chumurti, Riikchu, and Zaskar to the 
“junction of the Zaskar river, which rushes dark and turbulent through a vast chasm in 
“the mountains wdiere human foot has never trod. From this it extends to the juiuttion 
“of the Dras river with the Indus, where it is again cut through by the Dras river at a 
“narrow gorge called the Wolf’s Leap; but beyond ibis point it .stretches in one unbroken 
“ chain to the great southward sweep of the Indus.” 

The parallelism of the upper feeders of the Kali, in the beds they have carve*! out 

for themselvc.s along tlni eastcMn portion of the Zaskar 
Corrugations. range, suggests the possibility of the surface of the range 

having been originally corrugated. J Th<; Dliarma, the lassar and the Kali itself 
rise in the Zaskar range and flow in long parallel troughs of the crest-zone at five-mile 
intervals : their courses are inclined to tiie direction of the range as though they are 
the troughs of minor folds obliquely superposed upon the main Zaskar fold. 

♦ ShectH and 0, Punjab map, I inch=8 miles. 

t Colonel Godwin-Austen drew three parallel ranges where we luive drawn the single Zaskar. (?ee 
^ifsocutiton fttr the Ad\yane.cment of Sciencf', 1884.) Ho hfwl an inliinatc knowledge of the geology of the region. 

{ Atlas sheet (id N. K. 
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Transverse ridges. 


Passes over the Zaskar range. 


A great transverse spur protrudes from the Zaskar range at Kamet into the upper 

basin of the Alaknanda. For a length of 20 miles its 
peaks exceed 20000 feet ; its altitude then diminishes 
to 14000 feet in 6 miles, and it is not visible south of theDhaiili at Joshimath.* It 
is this extraordinary buttress of Kamet that separates the basins of the Vishnuganga 
and Dhauli behind the great Himalayan range (chart xxiv^, Part 111). Its magni- 
tude and contiimitv suggest the idea that it is a structural fold due to cross pressure. 

The western boundary of the Spiti basin seems also to be a transverse range branch- 
ing at right angles from both sides of the Zaskar range. 

The Zaskar range, being the water-parting between the Kumaun Himalaya and 

Tibet, is crossed by a great number of well-known pass- 
es ; th<! Lipu lickh (16750 feet) is south of the Upper 
Karnali basin, and near the conjunction of th<; Zaskar and Great Himalayan ranges. 
The Manghang, Jjunkpya and Dharma passes are about 18000 feet, the Untadhura 
is slightly below 17500 : these passes lead to Tibet out of the basin of the Kali. The 
Kingri Bingri (18300 feet), the Balchha (17500 feet), the Shalshal (16200 feet), the 
Silikank (18000 feet) and the Niti (16.500 feet) are .all passes across the water-parting 
between the Dhauli a/Hiient of the Alaknanda and Tibet, and they by no means con- 
stitute a complete list. The Mana pass (18000 feet), called alsotheDhungriorf-hirbitya, 
is at the head of the Saraswati afflnent of the Alakn.anda.f The Muling pass (height 
unknown) crosses the water-parting between the Bhagirathi and 'J’ibet. The Gumrang 
and Sholarung passes are further west and connect the Himalayan basin of the 
(Sutlej with its b.-isin in Tibet. 

The LailaJc range. 

The western portion of this rang«' was called l)y Sir Alexander Cunningham the 
Kailas range, on the supposition that the peaks of Kailas rose from its easterly con- 
tinuation. But the Kailas peaks sta?ul north of the Manasarowar lakes, and the con- 
tinuation of Cunningham’s Kailas range has been found to pass south of Manasarowar 
(figure I of chart xxi, and frontispiece to Part I). Many writers have followed Cun- 
ningham, but Drew adopted the name “ Leh ” range. Godwin -A listen called it the 
‘"Jiudak” range, because it was the principal feature of L<adak. We have accepted the 
name J^adak, and have applied it to the whole range from Assam to Baltistan. We are 
not, however, in a position to certify that a continuous range stretches in rear of the 
Great Hinmlayan range throughout the whole length of the latter from east to west. 

In rear of the. Assam Himalaya the Ladak range is strongly developed, and forms 

The southern water-parting of the the wjiter-purting between the Brahmaputra of Tibet 
Brairniaputra of Tibet. Brahmaputra of Assam. 

North of the Chunialhari peak of the Great Himalaya, the Nyang river has cut 
through the Ladak range, and drains northwards into the Brahmaputra.^ Westwards 

• Kuiuiiiin ana unrnwai Survey, 1 iucli=l mile. Atlas Sheet, No. 65, I inch=l oiiles. 

t The Saniswuli is a fredor of the VishniigaDga. The names of paKson are Bpt'lt iu varoiis ways, and much uncer- 
tainty prevaih, 

J Morth-castern h'roatier ShoetB^ 6 N. W. and 6 S. W., 1 int'h = 4 miles. 
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froTn. the Nyang basin, as far as Lake Manasarowar, the Ladak range is the water-part- 
ing of the Brahmaputra, and the (irainage of its southern slopes passes across theOreat 
Himalaya into India. The bend in the water-parting at Chumalhari, as drawn on 
charts xxiii and xxxv, is therefore due to the Nyang river : at this one point the Oreat 
Himalaya becomes the water-pjirting, and tlie trough to the north of it drains into the 
Brahmaputra of Tibet. 

Westwards from the Nyang basin for a distance t)f 200 miles, the Jjada.k range and 
the Crreat Himalaya run parallel and enclose between them the long trough of the 
Arun river, the plains of Dingri, and of Digur Thanka and the lake of Palgu.* 

In rear of the bilureation of the Great Himalayan range at Dhaidagiri the Ladak 
range increases in elevation, and the trough separating it from the. Great Himalaya 
becomes less distinct. 

Behind the N.arnali basin the range is strongly develoj>ed ; it cuiminat(vs south 
_ ‘’f Manasarowar in Gurla Mandhata. Tmniediatelv' 

Continuity of the range. i* i • 

vvost ()l this groat peak the continuation of l.ho range 
is not distinct.f The gap here is more dilticult to explain than the gt>rge eait by the, 

break in continuity that mainly prevents us from stating detinitely 
that the Ladak fold is continuous. To give ji single name to one long range is atlvan- 
tageous, in that the name indicates the position maintaii\ed by the range with regard 
to other ranges. But identity of nar.e implies identity of origin, and whetlnu* 
one long fold exteiids through Gurla Mandhata from the east of Tibet to the west, is a 
(piestion that has not been finally decided. The, apparent break near Gurla may have 
been a feature of original structure ; the range east of Gurla may be overlapping 
that from the west ; or a portion west of Gurla may have subsided, or have betm 
dellectcd by recent pressures ; or the Ladak raaige and the range to the, north may 
have expanded sympathetically at Manasarowar, and Iheir flanks have been 
merged by pressure (figure 1, chart xxi).f. From information at present available 
it appears more correct to give one, name to the w'holc range and thereby to imply 
continuity, than to give different names to different lengths and thereby to imply 
independence. 

When we consider what small accidents of heterogeneity or of resistance in the 
crust are sufficient to break the uniformity and continuity of a long fold, our wonder 
is that the ranges of southern Tibet, subjected as they have been to ever varying cross 
pressures, are as continuous and as uniform as they are. 

East of Manasarowar the Ladak range runs soutli of the Brahmaputra, and. 

except at Chumalhari, forms the water-pax-ting : west of 
**** Ladak range by Manasarowar the range follows the Indus, and its rela- 
tions to this river are extraordinary. § The frontispiece te 


• Map of Nepal, 1 iiich=l(i miles. 

t Northern Frontier Sheet, 14 S.-W., 1 inch == 4 mile.s. Rytler’s map of southern Gco{fraph>cul Jourtwl, 

Vol. XXVl. 

X On chart xxx this contact between the ranges is called a eonj unction : it is however a clash of flanks only and not 
a conjunction of axes : the thick lines on the chart show only th«i axes of the ranges and give no idea of tlieir spans. 

{ Sheets 5 and 6, Punjab map^ 1 inchssS miles. 
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Parti shows how the Indus and the Ladak range are intertwined; for the first ISO' 
miles from its source the Indus flows along the trough north of the Ladak range and 
parallel to the range : near Thangra, north of Hanle, it bends at right angles, cuts across 
the range, and forsakes the trough it has been occupying. It now flows for 300 miles 
along the south flunk of the Ladak range, and then, shortly before its junction with 
the Shyok, passes back across the range to its original side. It remains on the north 
side for 1 00 miles and then cuts across the range for the third time.* 

At the intersection near Hanle the range is strongly developed, and that it is cut 
through there can be little doubt. On both sides of the river-gorge the core of the 
range is flmnd to be of granite, and the alignment is found to be the same. 

The troughs on either side of the Ladak range in J^adak are comparatively open and 
contain but small impediments to the flow' of the mighty river: the behaviour of the 
latter in cutting constant gorge-s through a granite ranges in preference to pursuing a 
straight and simple cour.se is most eccentric. As a geographical feature it is unique.t 
VVe can only suppose that the Ladak range has grown, since the Indus began to flow, 
and that like a tree trunk embraced by a creeper, it has in its expansions had grooves 
cut across it by the river. 

But little is known of the Ladak range between the Butlej and its intersection by 
the Indus near Hanle ; nothing is known of it east of longitude fll', or west of longitude 
74 *^. 

A great number of pas.se.s cross the Ladak range : on its north-western .section 

„ j , south of the Indus are situated the Ffarpo (16785 feet), 

the Burgi (1.5697 feet), the Bunnuk. Behind Leh are the 
La.sirmou (16900 feet), and the Laowchi or Kha idling (17600 feet). 

Between Leh and the intersection of the Ladak range near Thangra by the Indus 
the ])rincipal pass is the Kay (182,50 feet). Between Hanle and Mana.sarowar are the 
Medosi (17700 feet), the Boga (19200 feet) and the Ayi (18700 feet) : .south of the lake 
llakas Tal are two passes over the Ladak range, height 17100 and 18200 feet : north 
of Nepal there are the Bhotu (15080 feet), the No (16600 feet), the Taku, the Sheru 
(17600 feet), the Kura (17900 feet) and othens.J 

The Mansemik, Dumche, and (hang pa.s.se.s are on the Kailas and not on the 
Ladak range. 

The Kailas range. 

The Kailas range runs parallel to the Ladak range fifty miles in rear of it (figure 1, 
chart xxi). Near Manasarowar it contains a crowded cluster of peaks, several of 
which exceed 20000 feet, and the highest of which is Kailas (22028 feet). Opposite to 

♦ In the frontispiece of Part I the third intersection of the range by the river is drawn at Bimji near the great knee- 
bend of the Indus ; the continuity of the ran^fc lias, however, not bwm proved. It is clear that the Indus must pass some- 
where in this iicro.s.s the range to tlie but it is not certain where it does so. The return passage may occur a 

little west of longitude 7(P: if that he the case, the range should have been drawn on the chart nearer to the Kailas range, 
and the Zaskar range should have be€»n produced ncros.s the Indus at the point on tin* chart where the Ladak range crosses 
it. 

t CVnnparo, however, the intersections of the Zaskar range by the Spiti river. On chart xxxi of Part III the course 
of the ZasW range can be traced from its peaks of Shilla, l.<oo Pargial, and Kamet. 

t The names of passes are spelt in different ways, and it is not possible to say whicb are the correct forms. The 
Khacaung p««s is described in the M(irth*>a of Hindustan by Da vid Fraser. Ryder crossed the Kura Pass in 1904, vide 
0»ographic(d Jour uni, \o\. XXVI, p. 
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tlie culmination of the range in the Kailas peak, tlie Ladak range culminates in 

Gurla Mandhata; both ranges expand at this point and their flanks come into con- 
junction. 

hast ol Manasarowar the Kailas range forms generally the northern rim of the 
Brahmaputra s trough : it cannot, however, be called the water-parting, as it is cut 
through in places by rivers from the north. 

Kast of longitude 85° the Kailas range bifurcates* (frontispiece to Part T), and 

A branch from the Kailas range. for neatly 150 miles the river llaga (chart xxx) Hows 

along the trough between the two branches. 

Immediately after bifurcation the branch range is crowned by a cluster of peaks, 
many of wliich were found by Captain ^^■ood to exceed 20000 feet ; peaks of 18000 feet 
have been found upon it as far cast as its intersection, in longitude 87° 45', by the 
main stream of the Brahmaputra : its height diminishes near its intersection by the 
Nyang but increases again to 18000 feet further east. 

The brancli range appears to (xmjoin with the Ladak range near Lakf Yamdrok; 
this section of it was called by ilyder the Karo Jai range.f 

After throwing off its branch the main Kailas range runs eastwanls with peaks 

Continuity of the Kailas range. of 20000 feet. Trigonometrical observations show that 

it joins with a range of Tibc't, known as tlie Ninchin- 
thangla, in longitude 88". After this conjunction the Kailas range itself confinues to 
trend in its former alignment as far as longitude 92° and possibly further. Nothing 
is known of the Kailas range east of 92". 

Near Manasarowar the Kailas range is strongly developed and the ranges 
to the south of it expand here in sympathy'. Within one region are to be found the <nd- 
rninating peaks of four different rang<*s. — Kailas, Curia Mandhata, Kamet and Nanda 
Devi. 

From Manasarowar the Kailas range can be tracetl along the north bank of the 
Indus as far as the Pangong lakes. In longitude 80 it is intersected by theSinghgi, 
the eastern branch of the Indus. 

On reaching the Pangong lakes it appears to end in the peak of Sajum (20018 feet). 
... but further west it can be traced again, and then forms 

A break in the continuity. ^ 

the water-parting betwecui the Shyok on the south and 
the Nubra on the north : the alignment from »Sajum to the junction of the Nubra 
and Shyok has not been determined, and the range has been broken on the frontis- 
piece to Part I to denote uncertainty.^ It is possible that the Kailas range has clashed 
with the Ladak west of Sajum peak, and that, for a short length the two ranges are 

• Tho range appears to bond synipathtdically opfKinito to ilio bifuroatioii. Sbecto 22 \V. I'nd 22 N. E.. 

Northern Frontier, I inch = 4 miles. This j^irt of Tibet wa.K siu voyod by ityder in 11)01, p/rfe; Jieport on survey opera 
tions oil jouffiey jTitm Oyangtne, to Siitda vtA Onrtok. 

t North-Eastern Frontier Sheet 6 N. K., I inch = 4 iiiilcn. 

X North of ^h tho Kailas range is clearly marked. Sheet No. 6, Punjab inaj). 1 incb=8 miles, hor Sajiiiu |n jik. 
fiee map ufTurkistan, 1 inch=22 miles. 

Q 
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here welded together. It is also possible that vertical subsidences have destroyed the 
continuity of the Kailas near Pangong. 

West of the junction of the Nubra and Shyok the Kailas range runs parallel to its 
northern neighbour the Karakoram ; the long troughs occupied by the Biafo, Hispar 
and Chogo Lungma glaciers lie between the Kailas and Karakoram ranges. 

Opposite the kneebend of the Indus near Bunji the Kailas range is crf>wne<l by 

Culmination and termination. the peak of Haramosh (24270 feet).* Within nine miles 

of its intersection by the Hunza river stands Rakaposhi, 
its highest peak, and it is near this point — the point of intersection and of supreme 
altitude — that the range begins to change its direction. After a long course from 
south-east to north-west it bends through a wide curve, and then runs from north- 
east to south-west, declining in height as it bends. We.st of Rakaposhi, however, its 
alignment is very diflicult to trace ; in this region the range has been so cut to pieces 
by feeders of the Gilgit and Kunar rivers, that its present appearance resembles a 
line of detached pyramids (chart xxxiv). 

In figure 2, chart xxi, the Kailas range has been extended across the Kunar river 
at Chitral : but this prolongation is only suggested, and has not been entered upon the 
frontispiece of Part I. 


• Atlas Shcob 27 S. E., 1 inoh =: 4 miles. Northern Transfrontier Sheet 3 N. 1?., 1 inch = 4 miles. Map to illus- 
trate Captain Vounghusbarul’H cxiilorntions, 1 inch =: 1<> iuilc>^. 
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THE KARAKORAIVI ANH THE HINDU KUSH. 

The Karakoram. 

The nomenclature of the mountain ranges of Asia has been the source of many 
difficulties. The applications of names by natives are vague and indefinite ; and a 
mountain chain may even be designated differently in neighbouring villages. In 
the study of gc!ography the employment of names is a means to an end. and we 
should therefore endeavour to introduce as simple a nomenclature as possible. It is 
not n(*(!essary to retain several names for a single range ; nor is it advisable to abandon 
a nann*, alter it has been for many years in common use upon maps, because faults 
come to be found with it. 

Moorcroft was the first western geographer to apply the name Karakoram 
to the great range of mountains, which separates the Indus and Tarim basins. Moor- 
croft was a careful observer, and ho learnt the name from natives in Tibet. For 
60 years the name Karakoram was employed by geogr.aphers, and thrtmghout the 
surveys of Kashmir and Baltistan no objections to it were raised by surveyors. 

Some 20 or .30 years ago the alternative name, Muztagh, was introduced and 
an endeavour was made to displace the name Karakoram. There was nothing 
to be gained by the change, and it has only resulted in confusion. By some writers 
and map-makers the name Karakor.am has been retained, by others the name 
Muztagh has been acicepted, and by others the tw*) names arc now given together. 

The objection raised to the old name “Karakoram” was that it meant “black 
“gravel,” whereas “ Muztagh ’ ’ means “ ice mountain.” The original meaning of a name 
has nothing to do with its suitability : black gravel is found on the slopes of the 
Karak«)iain, and Moorcroft relying on native information named the range “ black 
“ gravel.” 

The lonfusion caused by the introduction of the name Muztagh should be a warn- 
ing to geographers to accept accomplished facts. Now that the name Muztagh has 
come to be applied on modern inaijs to the Karakoram range, explorers are discover- 
ing that it is attached to every snow mountain in Chinese Turkistan. The peak Muz- 
tagh Ata is noton the Karakoram but on the Kashgar range : Sven Hedin writes of the, 
Kashgar range as the Muztagh range :* on the authority f)f a village headman 
Dr. Stein gives he name Muztagh to a peak of the Kuen Lun ;t Semenoff called the 
western portion of the Tiati Shan “ the Muztagh.” 

Muztagh, meaning “ice mountain,” is in fact a description, not a name. Colonel 
Wahab writes,“ Muztaghs are as common all over Central Asia as Safed Kohs on our 
western frontier. The name .Karakoram iscpiite established now forthemoun- 
“tain range separating the Indus and Zarafshan, and is the most suitable.” 

We arc of opinion that the name Muztagh should be used for the peak Muztagh 
Ata, but not as an alternative for the name, Karakoram ; the latter alone should in 
future be applied to the mountain range, of ■which K" is the highest summit. 

* *Sveu Hedin : 7'tmnujh Asiu^ page *>70. 
f M. A. Sleiu s fifand-buried ruinfi of KhoUiu, 

q2 
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The Karakoram and Hindu Kush ranges of mountains are different sections of 

the same crustal fold. The fold traverses western 
* *“*** Tib»;t from south-east to north-west, curves round 

through Hunza and Gilgit, passes north of Chitral, and enters Afghanistan in a 
direction from north-east to south-west.* The eastern portion of the fold is known as 
the Karakoram range, the western jjortion as the Hindu Kush. 

The range does not change its name at any particular natural feature ; but, as 
the limits of application of the two names require to be settled for the convenience 
of geographers, it will perhaps be well, if we call the mountain chain in Tibet and 
Hunza the “ Karakoram,” and in Gilgit, Chitral and Afghanistan the “ Hindu Kush.” 
The water-parting between the Hunza and Gilgit rivers (charts xx and xxxiv) situated 
some ten miles east of the meridian of 74“ will then form the dividing line.']' 

In chart xx a longitudinal section of the Karakoram has been drawn to explain 

graphically the causes of the gaps in the range. This 
section lias been made to follow the curved alignmcJit 
of the Kar.akoram and Hindu Kush ranges. A comparison of the section against 
the groups of peaks, described in Part I, will show how the range is divided into 
blocks : the following table gives both the continuous lengths of range that carry 
peaks higher than 2-1000 feet, and the intcrvtming gaps, where no sucdi pea ks exist : 


Gaps in the Karakoram ranine. 


TARLK XXVI. 




lAmpth of con- 

Lcnj;th oi depress- 

Tho elevated yiortions of the rjiiige. 


tin uoir 

sion.s in crest- ; 

carrying peaks <if 2401)0 feet au<i 

'I’ho dejiros.sion.s of 

zoiie carry! nt; 

z»>iie, where no ! 

liiglier. 


pcak.M o.xrocdin^ 
24001) ft?c*t. 

|K'aks of 24000 j 
fiM't oeeiir. | 

No | 3 cal\S of 24000 feet have bee 

ri iliscovered on the Karakoraiu oast of the Shyok 

Miles. 

rivt^r. 

Miles. 

8hyok Nubra ^roiip of peaks . | 

. 

5 

.... 

i 

. . • . 1 

Passage of tlie Nubra river 


12 

Group XllJ . 

. 


.... 

■ . • . ' 

( Vest- zone carries no great peaks . 

.... 

;5r3 

Group XlllJ. . . . 1 

. 

u 

• • • • 


CVe.st-zone carries no great peaks. 

.... 

22 

Karakoram group . 

18 

.... 

.... 

( rest -zone carries no great peaks. 

.... 

00 

Kiiiijut group 

. 

2 r> 


• ■ • ■ 

Passage of the Hunza river 

.... 

22 

Hunza-Kunji group . . ; 

r Long depres.sion of range 

J (containing the gorges of the ^ 
L f»ilgit and Kunar rivers . ) 

IG 

— 

— 

.... 

140 

Tirich Mir group 

. 

26 



'Fhere are no peaks of 24(.K>0 feet west of the Tirich Mir group. 

Aggregate length of crest carrying great peaks .... 

104 

— 

Aggregate length of gaps and depressions * . . . 

. .... 

291 


* Tho curvature of its course is sharper than that of tlio great Himalaya. 

^ Northern TraUMfrontier, Sheet No. ‘2 : 1 mch=.-8 miles. As u dividing line across a range, a river %vould be more dis 
tinct than a 'water-parting. But watcr-]>ar lings form tho divisions between tribes and dialects more often than rivers, nn< 
are therefore perhaps the morn suit a hie division-s in nomenclature. 

X Vide page 40 of Part 1. 
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The Shyok, llunza, (jilgit and Kiinar rivers drain the trough behind the Kai'a- 
korani range; the Nubra river rises m the Karakoram, the glacier at its source having 
out a notch in the crest-zone. 

J hougli the number of great peaks is less on the Karakoram than on the Great 
Himalaya, there is a greater length ol high range, on which great peaks stand without 
deep intervening depressions. A length of 104 miles of the Karakoram crest carries 
great peaks against one of 93 miles of the Great Himalaya. The Karakoram rises 
as it leaves Tibet, culminates in K", «ind then slowly declines ; its crest does not show 
the surgings of the Great Himalaya. 

The western termination of the Karakoram is the Hindu Kush, but of its eastern 

termination we know nothing.* The peak - of Aling 
extension of the Kara- Kaugii. which statids in 'Tibet near the eastern sounre 

of the Indus, has been supposed to mark the continuation 
of the Karakoram fold, but chart xx illustrates our inability to draw the eastern 
section of the. range. At Pangong and Rudok, betweim the known eastern (*xti(utiity 
of the Karakoram and its stipposed continuation at y\ling Kangri, no range appears 
to exist, f but our geographical knowledge of this region is very imperfect. 

As we said of the Kailas range when referring to this same region, a portion of 
the Karakoram may Inive subsidf'd v<*rtica.lly : on tlie other hand, the normal lu'ight 
of the Karakoram at this spot may no- be above ! 7009 or ISOOOfeet, in which case it 
would be now projecting only 1000 or ‘2000 feet above tin? surface of the high level allu- 
vial plains of 'I’ibct and be attracting no particular attention from explorers. 

East of Aling Kangri a great range was observed by the (;xplorcr Nain Singh. 
He left Leh in July 1874, and travelled ilue east from Kudi>k for a distance of more 
than 800 miles ; an almost continuous range of snow mountains, he said, tnuidcd east- 
wards from Aling Kangri (longitude 81"J to the Ninehintliangla peaks (longitude 
90“ 30') (see frontispiece to Part T).J 

Another question that cannot yet be answered is -Are there two Karakoram 

ranges ])a.rallel to on<^ another? There tire, we sha.ll 
Karakor^raVe*^*^*" show hereafter, two Hindu Kush ranges (fronti.spii^ce to 

Part T), and we have not lu'cn able to discover where 
the northern Hindu Kush range terminates towards the east.. 

North-west tind south-east of the peak K" we see in v(*a.r of the Karakoram range, 
and at a constant distance from it, a very marked water-jiarting shown on maps, whic.h 
curves back from the Karakoram axis in two places (s<ic areas G and 11 of chart xxxv’). 
It is crossed by numerous passes, the Shimshal (14719 feet), the Khunjerab (I.74‘20 feet), 
the Miataka( 15430 feet), the Kilik (1.5000 feet), the Karakoram (18550 fect).§ 

What is this water-parting? Is it a fold of the Earth’s crust? Is it an easterly 
continuation of the northern Hindu Kush fold, and has it been welded by prassure 

• Map of IIundo< or N iri Khorsaiii. 1 inch — 8 milts*. „ > i- , . » j- 

•f Acc«m to Tibet from the west is easy at Uiis point, vide Sir Thomaa lloltiicii 8 India. 

I Oenerai Rf!p()rL O. T. Surv'V of India^ 1874-75* , . , 4 . v 

§ Tho two Muztagh passes, the western of which was crossed by Younghusband, an- ori the n* 

Hoi^t of weiitvru Muilngh {was UK)2« toct. Fcibcr’ii aiiuroid valiu), C'iogrii-phieiil JournM, Vol. XXX, Ooo. IJ07, i. 6 .»«. 
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into the Karakoram at K® ? These are questions we are quite unable to answer. . 
No second Karakoram range has been shown upon the frontispiece to Part I ; its 
existence as a separate crustal fold is conjectural, and it would be vmsafe to draw 
conclusions as to structure from observations of drainage. It is possible that the 
Karakoram range has thrown off bifurcations, and that these have complicated the 
orography. 

Even the great Karakoram peaks themselves seem to follow two alignments. 
The Masherbrum peaks and peak 63 (tiible v of Part I) surmount a ridge parallel 
to that on which the peaks of K“ and Gasherbrum stand, and at a distance of ten miles 
from it. Of the Karakoram peaks north-east of K“ we have no knowledge, and there 
is no more likely spot than this for great undiscovered peake to be existing. 

C’olonel Montgomerie gave the following account of the mountains of western 

Tibet, of which the Karakoram is the backbone : “ From 
c ompansons with the Alps. “ any ^ioint ill < he Punjab at the foot of the Himalaya 

“ it takes a man assisted by a pony sixty-six days to cross the mountains ; and I think 
“ that even if a man tried his utmost he could not well do it under fifty-five days ; during 
“ that distance the road is for twenty-five marches never under an elevation of 16000 
feet, and during forty-five marches never descends below 9000 feet.” 

“ The Alps, I suppose, would take, at the outside, three da)'s for a man to cross, 
“ and 1 believe that a good walker can cross from a village on one side to a village on 
“ the other in one summer’s day. The Munshi took twenty-five days to march from 
“ the last village south of the Karakoram to the first village north of the Karakoram.” 

In no parts of the Alps,” writes Sir Martin Conway, “ is there anything like the 
“ amount of rock ruin, even in proportion to the size of the mountains, that one finds 
“ in these dry districts of the Karakoram.”* 

The Karakoram is a more aritl and less wooded region than the Himalaya ; its 
topographical features are consequently different. Rain-water runs off more rapidly, 
less sinks below the surface, and the rocks are not protected to the same extent against 
variations of temperature by a mantU' of verdure. 

The H indii Kush. 

Humboldt believed that the Hindu Kush range was a continuation of the Kuen 
Lun.t and an examination of the frontispiece to Part I shows how natural such a sup- 
position was. Even now we caniuit draw the criustal folds of the Pamir plateau or 
of the region to its south-east. 

Trigonometrical obst-rvations and topographical surveys have shown that the 
Hindu Kush consists of two distinct parallel ranges.^ The highest peaks and the 
deepest gorges are found on the southern range, and smaller variations of relief on 
the northern. 

♦ W. ^r. Conway : Clitnbing in the HifnalayaSt 1894. 
t A, V'on Humboldt ; Cosmo^i, Vol. II, page 154% 

J Holdioh’a i ndia, page 84, 
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The northern Hindu Kush range bears the same relation to tlie southern, as the 

Drainage of the Hindu Kush range does to the Great Himalaya in Nepal : that 

trough. is to say, the northern is the primary water-parting, and 

its drainage escapes through the gorges of the loftier southern range. 

The Hunza river rises beyond the southern range and cuts through it. Simi- 
larly the Gilgit river drains the trough between the two Hindu Kush ranges for 
40 miles and escapes through the southern range ; the crests of the two ranges are 
13 miles apart in the basin of the Gilgit. The Kunar river drains the interior of the 
trough for over 50 miles and pierces the southern Hindu Kush range at the Ishpirin 
•defile.* The Panjshir river drains a great length of the trough and passes through 
the southern range to the Tndus.f 

West of the peaks of Tirich Mir a portion of the trough appears to belong to the 
system of the Oxus, and still further west is a second and similar alternation of the 
•drainage.f (Chart xx : figure 2 of chart xxr : chart xxxv.) 

The frontispiece of Part I and the section in chart xx show that the southern Hindu 

Kush range is a western extension of the, Karakoram 

Continuity of the Hindu Kush. fol(l,J and on page 98 we decided to assume the 

water-parting between the Hunza and Gilgit rivers as the bouiulary mark between the 
two names. 

For a distance of 140 miles, from ;he Hunza-Gilgit water-parting to the peaks of 
Tirich Mir, the Hindu Kush rises to no great altitude, and the original alignment 
can in places be only traced by the presence of huge pyramidal masses 20000 feet 
high, which have been carved out of the range. 

North from Tirich Mir a perpendicular buttress projects from the Hindu Kush 

and deflects the (.).\us to the north : it resembles the 

The Tirich Mir buttress. buttress of Kainet (page, 92), and in the same way 

as the latter issues from the culminating point of the Zaskar range, so does the former 
protrude from the Hindu Kush at the place of its greatest vertical expansion. Tlie 
association of a giant peak surpassing all its neighbours with a perpendicular ridge 
seenhs to indicate that the crust of the region has been subjected to e.xtraordinary cross- 
pressures. 

It will be seen that the drawing in figure 2 of chart xxi does not reproduce the 

representations of the frontispiece to Part 1 ; the diver- 
The clash of ranges at Tirich Mir. gence helps to illustrate the uncertainties suiTouiuling 

the orographical problem. In the frontispiece of Part 1 
we have shown the two parallel Hindu Kush ranges extending westwards from longi- 
tude 74° and forming the basins of the Panjshir and of the Hari Rud : the lange 
pierced by the Kunar river at Chitral is, in this chart, the southern Hindu Kush. 
In figure 2 of chart xxi we have suggested an alternative solution, and have made 

• Northern Transfrontier Sheet No. 2, 1 ineh « 8 uiile.s. 

+ North-west Tronsfronticr Sheets Nos. 20, 27, 1 inch » 8 unl<-.-. , n i . 

1 Chart** illustrates the sonthem rango only. . On this chart the Kunar river has b.:en wrongly o.-ilW the laranun. 

■which ia a looai name for one section of the nver. 
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th(* two Hindu Kush ranges conjoin near the mass of Tirich Mir, and continue tlicre- 
aftcr as one range. According to chart xxi the range pierced by the Kunar river 
near CJhitral and the range forming the southern limit of the long trough drained by the 
Panjshir river are extensions of the great Kailas fold, a further extension of which 
tlien becomes the .southern rim of the basin of the Hari Rud.* 

Westwards from Tirich Mir the Hindu Kush continually throws off minor branches 
anti declines in height: in longitude 68 its peaks rise above 16000 feet, in 66‘’ 
the\' rise to 12000, in 63° they hardly reach 10000. 

ft is not known whether the water-parting between the Indus and the Helmand 
(longitude 68^°) is a structural bifurcation from the Hindu Kush or whether it is a 
ridge carved by rain : its elevation rapidly diminishes as it extends southwards from 
the Hindu Ku.sh. 

'I’he beds of the great rivens that pierce the southern Hindu Kush range, pro- 
vide thoroughfares, and the number of well-known 
Passes over the Hindu Kush. passe.s over this range is con.sequently not large. The 

Darkot (l.'iOOO feet) is perhaps the most important ; it 
cro.s.se.s the range oppo.site to the Baroghil (12460 feet) andShawitakh (12560 feet) pa.s.se.s 
*»f the northern Hindu Kuish. 

T'he northern Hintlu Kush is pierced by a few torrential streams, but by no great 
river. It is crossed by an extraordinary number of passes : wt'st of longitude 67° 
there are the Sharak Kuslita, the Barkak and several others between lOOOO and 11000 
feet. Further ea.st there are the Irak (1.3500 feet), the (.3iahardar (13900 feet), crossed by 
the Afghan Boundary Commission in 1886. the Kaoshan (14340 feet), cro.ssed by Alex- 
ander the Creat, and the Khawak (11640 feet), a great trade route. f In the Tirich 
Mir region there are the Dorah (14800 feet), the Agram (16630 feet), the Nuksan 
( I ( 10.50 feet), the Khatinzu (17.500 feet) and the Sad Tshtragh (174.50 feet). Between 
the. last named and the Kilik pass, near the trijunetion of the basins of the Indus, 
Oxus and Tarim, there are numerous pa.sses which average in height about 16000 feet, 
two of them however Ixsing h»w, inunely, the Baroghil (12460 feet) and the Shawitakh 
(12560 feet). The.se lists do not pretend to be complete; a few names only have been 
mentioned to indicate the general elevat ion of the lowest notches in the Hindu Kush. 

* Map of Afghnnist4in, 1 inch = IG miles, 
t HoMich’s India, page 8o. 
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The Kuen Lun. 


THE RANGES OF NORTHERN TIBET AND TURKISTAN. 

The. AghUs the Kue.n Lun and the Altyti T(ujh. 

But little is known of the Aj^hil rauf^e ; it was discovered by Sir Frarnus Voune- 

husband, and a. lew of its peaks ha\e bcuni obse.rvinl bv 

The Aghil range. . ^ 

surveyors ; but its lenj^th and direction hav'c not been 
determined. The position given to it on the frontispiec-e to Part I a,nd its junction 
with the Sarikol range are conjectural. Tin* peaks obs<*rved between tin* Kuen Lun and 
Karakoram ranges along the upper courses of the Yarkand river a[)pear to be 
scattered rather than aligned, and the region seems to resemble in comph'.vity that 
between the Indus and Kunar rivers. 

It may be that the Kuen Lun, Aghil and Karakoram folds ha.ve. bet>u ])re.ssed 
against one another ; all the ranges of Tibet tend to converge at the north -w«*stern corner 
of the plateau, as though they were trying to escape through tlnineckof a bottle ; once 
having passed the neck tliey separate again, but during the passage they appear to 
suffer from e.Ktrcme compression. 

The Kuen Lun range runs in an east and west direction through northern Tibet (vide 

frontispiece to Part 1) ; as far as we know, there are in the 
Kuen Jjun no outer and lower parallel ranges as then* an^ 
in the Himalaya, and from longitude 76"' to 83"' the Kuen IjUu may be described 
as the northern border range of the Tibet mass, ft is, however, only west of longitudit 
s.3'^ that the Kuen Lun faces the Tarim desert : oa.st of this its braiu^h, the Altyn Tagh, 
becomes the border range!.* 

The, absence of out« r and lower ranges has an effect upon the drainage : there a re. in 
the Kuen Lun no long valleys like the Dchra Dun, and rivers instead of converging, like 
those of the Hirnalava, inside the mountains flow more directlv down from the* snows, and 
enter upon the plains in greater numbers and with rnaller volumes. South of Khotan 
and Kiria the rivers issue from the Kuen Lun at intervals of 20 miles; on the Ilitnalayaii 
side the average interval exceeds 30 miles. 

From the snows to the plains of India the Himalaya are 80 or 90 miles broad ; 
from their crest to the plains of Tarim the Kuen Lun an; 40 or .50 miles broad. 

The portions of the. Kuen Lun drained by the Yarkand and Karakash rivers are 
known as the western Kuen Lun, the remaining lengths as the eastern. Many trigomi- 
metrical observations of peaks have been made in the western Kuen Lun, but our 
knowledge of the eastern range is confined to that gained by explorers, among whom 
Preievalsky and Sven Hedin are pre-eminent.* .East of longitude 86 the Kuen Lun 
is known as the Arka Tagh. 

• For map. seo HoWich’s Tibet the MyHeriou». In tlio frontispiw-P oliart of Part I 
L\m ho* bflon drawn too far north. In longitude 84 * the oxis should h.vvu plawd m laUtudu 38. Chmt XWV 

repeats this mistake* Chart XXIII is correct. 
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The north-eastern portion of Tibet consists of the high level plains and basin of Tsai- 

dam, which are bounded on the south by the Kuen Lun, 
The Aityn Tagh. north- west by the Altyn Tagh, and on the north- 

east by the K«)ko Nor range. 'Fhc Altyn Tagh was discovered by Prejevalsky ; it is a 
precipitous range, and portions of it rise above the line of perpetual snow. The easterly 
prolongation of the .\ltyn Tagh is the great range of Nanshan, considerable lengths 
of which rise also above the snow-line. The principal peaks of the Altyn Tagh are 
Anambarula, Ainuninoku, and Koukye, all of which probably surpass 19000 feet in 
height. Both the Altyn Tagh and its continuation the Nanshan appear to be wide 
folds with minor corrugations superpo.se(l. The Koko Nor range of Tsaidam is 
parallel to the Nanshan, and the trough between them is over 300 miles long, the 
lake of Koko Nor being .situate<l at its (‘a-stjun extremity. 

As the Kuen Tjun passes from Tibet eastwards into China, it loses the form ot a great 

continuous fold and breaks up into minor ramifications, as 
Easterly termination of the Kuen the Jlindu Kush docs in Afghanistan. There is however 

this dilTerence, that whereas the Hindu Kush does not 


split up into secondary folds, until it has emerged from the high j)lateau and descended t*) 
lower levels, the Kuen Lun begins to throw off its branches before it has left Tibet. 
Eastern 'I’ibet is very intricate, no surveys havt‘. been made, and it is not possible at 
present to analyse the mountains from existing data, or to determine the relations of 
the Kuen L\m to the numerous ranges that traverse western China between 


the Hoang Ho and Yangtze rivers. 

From Prejevalsky’s descriptions the Kuen Lun appears to bifurcate at its eastern 
extremity into two ranges, the Burkhan Bxiddha and the Shuga.* 

“ The Burkhan Buddha,” he wrote, “ is a distinct range more particularly on the 
“ north, where it rises boldly from the perfectly level plains of Tsaidam ; it has no very 
“ conspicuous peaks, but extends in one unbroken chain.” 

“ The ground gradually rises to another range the Shuga, lying parallel with the 
“ Burkhan Buddha and terminating as abruptly on the west, where it abuts on the 
*• Tsjiidam plains.f .\bout 70 milea to the south of the Shuga range rises a third 
ohain of mountains called by the Mongols Baian Kara Ula : they are situated on the 
“ left bank of the head waters of the Blue river, called by the Mongols Murui-ussu, and 
“ form the watershed between its basin and that of the sources of the Hoang Ho.” 

“ Between the Shuga and Baian Kara Ula chains lies a terrible desert 14500 feet 
“ above the level of the sca.”J 

The Baian Kara Ula range is an eastern extension of the Kokoshili range of Tibet, 
which will be described subsequently. 

The Kuen Lun does not form the water-parting between the Hoang Ho and Yangtze. 
The most westerly* source of the Hoang Ho is in the interior of Tibet and sou^ of the 


* N. PrejevalBky : MongoUn^ Vol. 11, page )7^- 
t Idtm^ page 178. 

+ Idtm^ page 18U. 
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Kuen Lun ; a feeder of the Yangtze drains the southern slopes of the Kiien Liiii west of 
the Hoang Ho’s source.* 

The Kaslujar and ISarikol ranges. 

The Kashgar and Sarikol ranges are two parallel mountain chains that form the 
The Kashgar range. eastern flank of the Pamir plateau, and that tr»*n<l from 

south-south-east to north-north-west (frontispiece to 
Part I). The more easterly of the two is the Kashgar range, called by Humboldt the 
Bolor and by Hayward the Kizil-Art. It rises like a wall from the Tarim deserts, iind 
is surmounted by glaciers and snow-clad peaks. 

The Kashgar range is shown on the chart as a direct continuation of tin* Kuen Lun 
on the high authority of Stoliczka, but its connection with the Tian Shan is not under- 
stood (chart xvii). 

North of the Kungur peaks (table iv. Part 1). the Kashgar range ap])ears to beiul 
towards the north-west ; at its bend it bifurcates, and throw's out a brain h ninge on 
the convex side of the bend. The Gaz river cuts through the range at the bifurcation 
a few miles north of Kungur. From its (*rest to its easternmost • flank, where its 
further continuation is buried under sand, the Kashgar range is HO miles wide.f 

The Sarikol range, running parallel to the Kashgar on the west and at a distance of 
^ . 30 or 40 ii.iles from i :ie latter, is the lower raime of the 

The Sankol range. . 

two, and its peaks do m)t reach 20000 feet. Nevertheless 
it is a primary water-parting of .Asia, its wrestern slopes draining into the ( ).\us and 
sea of Aral, its eastern into the Tarim river anti lagoons of Lob Nor. The Sarikol 
range separates the Taghdumbash Pamir from tin* Ijittle J’arnir, anti is ci-osst*d by 
the Nezatash (1491.5 feet), the Uzbel (1.5200 feet), and other passes. 

The connection betw'een the Sarikt)! anti Aghil ranges is conjectural (frojitisj)iece 
tt» Part I). 

The trough enclosed between the Kashgar anti Sarikol ranges is known jis tin* Sarikol 
valley ; it extends from the Taghdumbash Pamir to the little Kara Kul lake. 
*' The valley of Sarikol,’" writes Sven Hedin, “is a gigantic trench piercing to the 
“ heart of the stupendous Pamir plateau.” The ])liiins of the Taglubimbash Pamir form 
a southern continuation of the Sarikol valley ; and the plains of Tashkurgan anti t>f 
Tagharma are in the valley itself. 

The I'ashkurgan river drains the TaghtI uni bash Pamir and the northern slopes t>f 
the Hindu Kush, and passes into the Sarikol valley : in the valley it bends at right angles 
and piercing the Kashgar range escapes thrtmgh a precipitous gorge tt> the plains of 
Tarim. The northern portion of the trough between the Sarikol and Kashgar ranges is 
drained by the Ulu-Art anti Ikebel-su rivers, which unite and force a jiassage through 
the Kashgar range at the Gaz defile. 

The Kashgar and Sarikol ranges thus constitute a system similar tt» that of thtt 
Hindu Kush and to that of the Great Himalaya. The Great Himalaya is higher than 

• On chart XVII the name o£ the Ohinew river waa .«ia-lt Hilling ; the now edition of the Iiii|M-n«l »’«/.ettcer 

spells it Hoang Ko. , 

t Map to illuHtratfc Youngbusband's exploratioii8» I inub H» 

K 2 
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the Ladak range, but the latter is the water-parting, and its drainage cuts across the 
former through deep gorges. The same phenomenon is witnessed in the Hindu Kush ; 
the southern range is the higher but the northern is as a rule the water-parting. Now 
again we see the Kashgar range higher than the Sarikol and yet pierced by the 
drainage of the latter. 

The chart xvii was drawn primarily to illustrate the apparent clash of the 

Great Himalayan alignment with the Hindu Kush on the 
KashgarT^gt" north-west and with the Arakan ranges on the east, but 

it has been made to include the clash of the Kashgar and 
Tian Shan ranges. East of the Brahmaputra we find the Great Himalaya 
trending perpendicularly to the Arakan chains; at the Indus we see the same 
giant range advancing at right angles to the Hindu Kush. And now to the north we have 
the Kashgar range running perpendicular to the Tian Shan. .Just as we ask ourselves 
what has become of the Himalaya beyond the Brahmaputra and the. Indus, so are we 
unable in Turkistan to decide how the Kashgar range has ended. 'The forces, that create 
ranges, are so powerfid compared with those that are available for our experiments, that 
we cannot calcukate the probable results of their action even under given conditions. 
What would now be the effect on the Himalaya if the earth’s crust were compress(?d 
between Afghanistan and China, and if wrinkles like the Hindu Kush and the Arak.an 
mountains began to advance from the. west and the east against the ends of the 
established range ? Would the axis of the latter be (^rumpled in plan into horizont<al 
sinuosities, or would it be forced into .an uniform curve, or would its ends be b^nt .and 
crushed ? These are questions we are unable to answer. 

The Turn IShan ramjes* 

The Tian Shan mountains are a complex system of ranges, I’hey appear to be a broad 
crustal fold, the surface of which has been wrinkled into minor folds by forces acting 
from different directions. Severtsoff writes of the Tian Shan as “a system of 
“ intcrsectional ranges the predominant ranges, he thinks, t rend from east-north-cast 
to west-south-west.t 

Prince Kropotkin write.s, that the two main directions of mountains in the Tian 
Shan are, firstly, from south-west to north-east, and, secondly, from south-east to 
north -west. J 

The axial line of the Karakoram range has been shown to trend from south-east to 
north-west and to bend round into the Hindu Kush, which runs from north-east to south- 
west. A remarkable parallelism, therefore, exists between ranges .situated north and 
south of the moiintain knot, known in geography as the Pamir plateau. 

Of the Tian Shan ranges that run from south-east to north-west the Kugart range is 
perhaps the best known : of the ranges that run from south-west to north-east there are 

• Vnle Tian Shan plateau, iiage 08 of this paper. 

t .Jonrtml, Hoyal Grogra/ihical iSocuiy, Vol. XL, 1870. 

1 Gt'Offra ithicfd Journrdn Vol. XXIlf, 1904. 
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the Alai and the Trans Alai, as shown on the frontispiece to Part I, and then south of 
Istrik Kul there are the Terek range on the north, the Koktan in the centre, and the 
Artush bordering the Kashgar plains. The great lake of Issik Kul (height 5300 feet) 
lies north of the Terek range and is iteelf bounded on the north by the two granite 
ranges of Alatau. 

At one time it was believed that no sedimentary rocks existed in the Tian Shan, but 
Semenoff showed that this idea was incorrect, and now Merzbacher writes, that the most 
elevated region of the Tian Shan is built up exclusively of sediment..ry rocks. 

The great peak of the Tian Shan is Tengri Khan (23600 feet, vide table vi of 
Part I) ; the height of its summit surpasses all other peaks of the region by 3000 feet.* 
Many of the crests of the Tian Shan are above the line of perp«?tual snow, and it is 
probable that several peaks of 20000 feet exi.st on the cent.ral ranges. The outer ranges 
do not carry peaks above 1 6000 feet. 

The outer ranges of the Himalaya enclose longitudinal valleys known as “duns,” 
The " <iuns ” vallcys are not found in the Kiien Lun. On the 

southern Hank of the Tian Shan they occur in phices. “ A 
“peculiar feature,” wrote Stoliczka, “ in this part of these hills consists in the occurrence 
“of extensive plains, to whick the name ‘ jilga’ is generally applied. It means origi- 
“ nally, 1 think, merely a water-cour.se, and on a la^ge scale these plains may be looked 
“upon as water-courses of former water-sheeks. 'Phey occur at the base of the 
“ high range, and in some respeists resemble the ‘ duns ’ of the southern slopes of the 
“ Himalaya. North of 'Pangitar one of thp.se large plains occurs within the lime-stonc 
“ rocks, being surrounded by them on all sides. It mu.st be about 30 miles long from 
“ east to west, and about 16 from north to south. 

Profe.ssor Ellsworth Huntington writers; “ .Apparently the Ka.shgar basin has long 
“ been growing smaller by a process of continuous folding along the edges.”J 

In Central TianShan Mountains, however, Merzbacher gives a tlilTcrent descrip- 
tion of the outer hills: the latter he describes as “subsiding gradually in ranges of 
“ transverse spurs, whose cape-like ends project far into the desert.” “ Much of the 
“ outerrao.st skirting range,” he says, “ lies buried in the enormous rubbish heaps of 
“ the high plain. The hitherto prevailing conception of the wall-like dc.scent of the. 
“ range must be given up.” 

At their eastern extremity the Tian Shan are separated from tlu^ Altai mountains of 


Mongolia by the remarkable depression kn«>wn as the Zungarian .strait, 2300 feet high ; 
on the west they end in the .Alai and Trans .Alai ranges. 

The Trans Alai range is the snow -clad chain, which borders the Pamir plateau on the 

north : it is a vc’-y important range and surpa,sse.s in height 
all the mountains that intersect the Pamir [»lateau itself. 
Kaufmann (23000 feet) is its highest peak ; the pass of Kizil-Art cro88e.s it at a height of 


'rhe Trans Alai. 


14260 feet. 

• Merzbtwihi^r : i 'entrnl TinnSiMn I'.MK*. 

■I* T. D. Forsyth: Report of a Misnion, to Yarkand, 1873, poiio 47-. 

+ (^mparothis, h(‘wevtM-. wilhoiir;/rccfMlinuMiotcoiith« Ku.-u^^L^ whuli we couic to the immi. hisioii that outer 
Tiitiges arc ohsent. 
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The Alai range is north of the Trans Alai and lower ; its average elevation does not 

exceed 16000 feet, and its highest peaks rise only to 19000 
feet. There are several passes crossing it at 12000 feet. 

The trough between the two ranges is known as the .Alai valley ; it is crossed by 
the water-parting between the Aral and Tarim basins, the drainage of its eastern por- 
tion flowing one way, that of its western the other. The height of the trough at the 
water-parting is 11000 feet ; the surface of the trough has gentle slopes, and the actual 
water-parting is not a markeil feature. The two rivers flowing eastwards and 
westwards from the water- jairting of the Alai valley are both named Kizil-su. 
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THE RANGES OF THE INTERIOR OF riBET. 

A complete history of the exploration of I’ibet will be found in Sir Thomas Holdicli’s 
Tibet the Mysterious. Chart xxii of this paper illustrates the tracks of explorers 
over the interior of Tibet. 

Many parallel mountain ranges have been found to exist, but their number and 
positions and heights are not at present known. 

Between the Kailas and Ivu<*u ljun ranges tin* re are ]irobably at least live priiuarv 
ranges, and of these the prolongation of the Karakoram fold is probably one. W'^e 
have observed the. continuity of the Great Himalaya, and of the Kailas and liadak 
ranges in Southern Tibet; and ex])lorers have traced the Kuen Lun on the north of 
Tibet from w’est to east. It is ]m)l)able. then, that tin* ct>ntra1 folds will also Ins foumi 
i;ontinuous ; they may bemi in plaei'S, and subside in others ; they may bifurcate a.inl 
conjoin; and different lengths may appear to overlap; but tin* primary folds probably 
<hi continue from Afghanistan to China. 

Many explorers hat'c emphasised the fact, that the interior ranges of Tibet and 
their intermediate troughs trend from w st to east.*' Main Singh followed a long west 
and east trough containing a continuous series of lakes: Rower followetl another, an<l 
Sven Hedin a third. The large rivers of central 'Pi bet ap])ear to How in west and east 
directions. 

'VLike all the previous lakes,*’ wrote Sven Hc'iliu in northern Tibet, “lake No. is 
■" had an east and west direeti<.>n, and was one of the largest w'c encountered ; we tra.v»*l- 
“ led beside it the whole of the day (sixteen and three-tpjarter miles).” 

The explor<‘r Kislien Singh traversed Tibet from south to north, from Lhasa to 
Saichu, and crossed over several ranges: the following are extracts from the; 
narrative of his journey in the interior of Tibet:- f 

(i) “ We reached the Lani La pass by uneasy ascent of 2| miles. The La ni La 
“range comes from the east, and fa* ')ff in that direction are some high 
“ peaks covered with perpetual snf)W.” 

{ii) “ Tangla is a long range of UKUintains running from the west and possess- 
“ ing several snowy peaks and spurs.” 

(Hi) “ The Dungbura Khuthul pass has an easy ascent. The general direc- 
“ tion of the long range bearing this name is from east to west.” 

(iv) “ We crossed the Kokoshili Khuthul pass which has an easy a.scent. 

“ The general direction of tlie range; is from east to west.” 

(d) “A steep ascent of Ij miles then brought us to the Angirtakshia Khuthu 
“ pass. The Angirtak.shia, a long range, lies east and west.”;]; 

* Littledale’H evidence docs not 8upi>ort thw view ; ho mimdifd Koiithward« ft-oin the Kuen Lun (lutit.iidc .•»«•* .V) lo 
Tongri Nor (latitude 30® 40'). “ Wo never, ” he wrote, “ .•*aw a single oontiniious mountain range, till wc came to the Niin-hin- 
** UMagja.” 

^ tX. B, N. Hennessey : Rep(trl on the rxplnrafioH’S in Gr^ at Tih*’tn ><1 Mungolm made hy A-K in 18<0-18S2, 
t Angirtakttbia is a local name for an easterly extension of Iho Kneii Lun. 
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The Kokoshili. 


The Ninchinthangla range, however, trends from north-east to south-west and 
forms a very striking exception to the east and west rule (frontispiece to Part I). 

If we examine the frontispiece to Part T we see that the meridian of 92*^ crosses 
four ranges in Tibet ; of these that situated north of latitude 30° is the Lani, that 
north of 31° is the Ninchinthangla. The Tangla is near latitude 33° and the 
Kokoshili is north of 36°. Kishen Singh’s Dungbura range, which has not been 
shown on the chart, runs north of 34“ betwet'ii the Tangla and the Kokoshili. 

On the west of Tibet we find between the Kailas and the Kuen Lun ranges two 
prinniry ranges, the Karakoram anti tin* Aghil : on the cast we find five, the Lani, 
the Ninchinthangla, the Tangla, the Dungbura and the Kokoshili. Two ranges 
ar(i thus known to enter the interior of Tibet from tht; west, five have been ohserved 
to issue from it on the east. How the two become five, or whether there are not 
more than five we do not know. 

When Wellby travelled in 1896 from west to east through northern Tibet he 

marched south of the Kokoshili range for a long distance. 
Sven Hediu explored the long trough to the north 
between the Kokoshili and Kuen Lun. In longitude 94° 20' the Kokoshili is cut 
through by a northern alHuent of the Yangtze, but east of the gorge it be(!omes, under 
the name of Baian Kara Ula, the water-parting bel-ween the Hoang Ho and Yangtze. 

Wellby’s “ Abrupt ” peak and the “ King Oscar ” peak of Sven lledin ri.se from 
this range. 

The Tangla range forms the water-parting in Tibet between the Yangtze 

and Salween, and Prejevalsky traced an allluent of the 
former aImo.st to its source in the Tangla at a height 
of 16400 feet. 

range forms the wsiter-parting between the Brahmaputra 
and the closed basin of Tibt*t. Mr. and Mrs. JAttle- 
dale crossed this range by the Goring pass (19587 feet), 
and the explorer Nain Singh crossed it by the Khalamba pass (17200 feet). Little- 
dale described the Ninchinthangla as “ a magnificent range — a succession of snow-clad 
peaks and glaciers.” “Above all,” he wrote, “ towered with clilTs of appalling 
“steepness the great peak of Charemaru, 24153 feet. From this point of view it was 
“ perhaps one of the most impressive mountain.s 1 had ever seen.*” (Monel Montgomerie 
wi’ote : “ To the south the lake is bounded by a splendid range of snowy peaks flanked 

“ with large glaciers, culminating in the magnificent peak .Tang Ninchinthangla which 
“ is probably more than 25000 feet above the sea. The range was traced for nearly 
“ l.')0 miles running in a north-easterly direction. ”f 

In a table below we give a list of all the highest peaks of Tibet, the positions of 
which are known : we are unable to identify either Montgomerie’s peak Jang Ninchin- 
thangla or Littlcdale’s (’’haremaru : the two were possibly the same peak. J In 1904 

• Ueoffraphtecd Journal, Vol. VJf, 1896. 

t Colonel MoQtffomorie'a Mumoiandum on the exploration of the Nam Tso or Tencri Nor l^ke, 1873-74. 

J For Ryder's note on BoiivahH/s pi>aks hci^ lit'pitrt on Survey np>:rations with thu Tibet Frontier Oommtssinn, 1904 


The Tangla. 

The Ninchinthangla 

The Ninchinthangla. 
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Major Eydcr fixed several peaks of the Nioehiothangla range from the neighbourhood 

of Lhasa was the highest peak ho observed, and ita altitude waa 23266 feel. 

It IS unlikely that Montgomerie’s or Littledale’a peaks are higher than this. 

The Urn range is an easterly braneh of the Ninehinthangla. 

Nothmg is known of the IJnngbura range beyond the taet that Kishen Singh 
crossed it. ^ 

The prolongation on the frontispiece to Part 1 of the Karakf)/ara range and its 

conjunction in longitude 92° with the Ninehinthangla 
are hypotheticid. We do not yet know that the Kara- 


ProlonKation of the Karakoram in 
Tibet. 


range does continue eastwards through Tibet, 
and even if it be proved to do so, it may be found to connect with the Tangla range 
north of latitude 32°, and not with the Ninehinthangla. Observers of the Hima- 
laya, the Ijadak and the Kailas ranges hav<‘ been impressed with their apparent conti- 
nuity, and it is perhaps natural that w«‘ should seek for the prolongation of the 
gigantic Karakoram : the prolongation, however, as entered on the chart, is intended to 
f'be possibilU^f of continuity, and must not hi* accepted as fact. 

Ihe following extracts show the evidence upon whicli the drawing of the Kara- 
koram range in the chart has been based : — 

A number of lofty snowy peaks were determined from various stations of the 
route survey, the most remarkable being the Aling Kangri group north of the Indus, 
“which, judging from the great mass of snow seen on its southern face during August 
“ and September, must be upwards of 23000 feet above the sea, possibly as much as 
“ 24000 feet. The line of perpetual snow on the southern slopes of the Ladak 
“ Mountains approximates to 20000 feet in the same latitude, and it would lequire 
“ several thousand feet of snow above that line in order to be very imposing at 80 
“ miles, at which distance the Pandit first saw it. The Aling Kangri group had never, 
“ as far as 1 am aware, been heard of before. They appi^ar to be a continuation of 
“ the range between the Indus and the I’angong lake.”* 

“ The Pandit Nain Singh left Leh in July 1874 and succeeded in crossing the 
“ Tibetan frontier in the disguise of a Lama or Buddhist priest. Passing about !.'> 
“ miles to the north of Kudok, he, travelled nearly due east for a distance of more than 
“ 800 miles over a new line of country, .separated from the valley of the Sangfio 
“ (Brahmaputra) by an almost continuous range of snow mountains, which trends east- 
‘ wards, from the Aling Kangri peaks in longitiuh* 81°, up to the Ninehinthangla peaks 
“in longitude 911^-°.”+ 

In central Tibet the line of perpetual snow does not lie much below 20000 feet, 
and the fact that Nain Singh saw snow extending almost continuously from longitude 
81° to 90^° is evidence of the existence of a great range. 


• Cvolont?! Montgoineri€?*M Import on Truns-Nitnaluf/aH JXiiT. 'riu? range Uawuun the JtidiiH and tha 

J^angong lake is the Tjadak range : possibly the Kailas range alsci pa.'<ses la-twi'eu. 'I’hi? Aling Kangri la^alcH are now tie- 
licved to stand eonoiderahly north of the Kaila.M and Ludak ranges, and f<» mark fM-rhajw the continuation of the Karakor&rn. 

f An aiaaiiint of Trans-Hi maluyari expitirations by CJeiieral d. T. Walker. K.K , F. K.S. (JtVtrai Rfiport, Greui TrigonomeU 
rieal Snrvvf/ of India ^ IH74-76, page' 2o. 
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The question may be asked whether the snowy ra^ge seen by Nain Shngh 
to the south j»ay not have been the Kailas rauge : the answer is that the suow 
peaks fixed by Nain Singh stand 120 miles north of the Brahmaputra and many miles 
north of any known peaks of the Kailas range. Thus the Aliug Kangri peaks east of 
longitude 81° are a hundred miles north of the sacred peaks of Kailas. Jn longitude 
85° the two ranges are one hundred miles apart and in 86° eighty miles. The interval 
in fact between Nain Singh’s range of peaks and the Kailas range is greater than 
between the Kailas and Ladak ranges, and if we have regard to the spans of the known 
ranges of tlu? Himalaya and Karakoram, we find it more reasonable to assume that 
an intermediate trough separates Nain Singh’s range from the Kailas than that the 
two apparent chains of mountains are the respective flanks of one broad range. 

The following extract from (/aptain Trotter’s report on the Trans -Himalayan 
explorations of 1873-74-75 gives further details of Nain Singh’s journey : — 

Four hundred miles east of Aling Kangri “the Pandit encountered a lofty 
‘■range of mountains, which was crossed by a high but easy pass called Kilong, 18170 
“ feet above sea-level. This range runs southwards and culminates in some enomu>us 
“ peaks known by tlie name <)f Targot, from which extends eastwards a snowy range, 
“ numerous peaks of which were fixed by the Pandit along a length of 180 miles 
“ up to where the range terminates in a mass of peaks called Gyakharma, which also 
“ lie to the south of and very near the Pandit’s road. The highest of these Gyakharma 
“peaks Wfis ascertained by measurement to be 22800 feet above sea-levej, and the 
“ Pandit estimates that the highest <}f the Targot peaks, which lay too far off the road for 
“ vertical measurement witli a sextant, is at least 2500 feet higher 

“ This range is probably not the watershed between the basin of the Brahma* 
“ putra and the lake country of Tibet, for the Pandit was informed that to the south 
“ of the range, running parallel to it, is a large river, tlie Dumpho or Hota Sangpo 
“ which ultimately changes its course and flows northwards into the Kyaring lake.** 

“ Thus far on his journey,” continues Captain Trotter, “■ the Pandit states that 
“ a cart might be driven all tlie way from Noh without any repairs being made to 
“ the road, but in crossing the range the path was steep and difficult. There is an 
“ alternative road, however, lying to the north, by which it is said a cart might 
“ easily travel to the Nam Tso lake without meeting a single obstacle en 

“ The height of tlie plateau traversed appears to vary but little between 15000 
“ and 16000 feet above the sea-leveJ. The plain is as a rule (sonfinod between moun- 
“ tains which run parallel to the direction of the road, but a few transverse ridges 
“ of considerable elevation are crossed en roxde'^ 

The following table gi^ es a list of the high peaks of Tibet, as known to us, and 
shows the ranges on which theN’ stand. A few of the heights such as those of Leo 
Pargial, Kamet, Kailas and Gurla Mandhata have been well determined and may be 
ranked as values of the first class in accuracy : many heights, however, which have been 

• Estlmatefl of lieiigbts of snow peak^ have so often proved to be in error by 5000 or 6000 feet, that no weight what- 

ever is now attached to them. 
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measured trigonometrically from stations in Tibet, can only be regarded as belong- 
ing to the second class of accuracy, owing to the uncertainty attaching to the altitudes 
of the points from which the observations were taken. The sextant observations of 
Nain Singh furnish heights of the third class of accuracy, whilst his numerical 
estimates of Aling^^Kangri, Targot Yap, and Saindanlcang Jang can only be accepted 
as indications of imposing' height. . The explorer Kishen Singh contented himself with 
recording against Jhomogangar “ very high”, and refrained from numerical estimation. 


Tablk XXVII. — The high peaks of Tibet. 

Note. — Peaks of the Himalaya, Karakoram and Kuen Lun ranges have been excluded, a.? this list is intondod to 
show peaks that stand in the intorior of Tibet. 


Range. 


Name. 


Ticight in feet. Latitude. I.ongitude.* 


Authority. 


Zaskar 


' Tjatlak 


Leo I’argial S. . 
lico Partial N. 

Karnet 

CJarla .Mtindhata 

WJO.-! 

W’“ 

Wi*r. 

W'ct 

W‘«- 

W'«» 

■\V 1 M 

Yvoo 

W” 

JJ119 or N o j i n k 
(Sang 

R’2- 
■R12S 

R2»» 

R-*** la) (Yala Shimbo i 
of Nain Singh) 


ang 


22170 

22210 

254+7 

25355 
20751 
21007 
214.31 
213S3 
22032 
215«8 
20407 
201 «8 
21754 
20(>84 
22+02 
21477 
2(XKK» 
202+4 
205(J0 
20727 
2 12 18 
21101 ) 
2120.3 
2.3000 

21852 
21+21 
20+50 
21000 
21 708 


31 53 5 
.31 51 8 
30 55 13 


-0 20 
.30 13 
.30 I I 
30 17 
:«) 1 ) 
IM) 7 
30 12 
.30 I 
,30 0 

211 51 
211 17 
21) +5 
21 * +0 
21* 30 
21* 30 
2 '* 33 
28 45 
28 +0 
28 5<) 
28 57 
28 57 


18 

40 

25 

8 

37 

20 

35 

50 

1 + 

0 

57 

21 ) 

32 

II 

57 

51 
3+ 
37 

58 
58 

‘> 


78 +1 .5 ) Great Trigo- 

78 +4 39 r iioitietrical 

79 35 37 ' Survey. 

81 17 r>7 G. T. Survey, 

82 8 5 

82 8 .38 
82 8 53 

82 9 11 
82 11 17 
82 11 28 
82 19 30 
82 21 51 
82 

82 4:5 I Wood. 

82 


h :\ 

8:i 

8 ;j 

8 :i 

85 

85 

85 

87 

IM) 


42 

45 

15 

0 


15 

2:\ 

0 

5 


15 21 
21 55 
50 5 
52 27 
52 57 
5 12 
15 51 
11 1 


* mv 1 t irawifvifnrle are based on the determination of the 


28 51 15 
28 50 18 
28 48 25 
28 45 55 
28 47 45 

difference bolwoen 


90 12 +3 
90 13 20 

90 13 33 

91 51) 20 
91 59 20 


^ Kyder. 


j 


Greenwich and Madras made in 
s 2 
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Tablk XXVII. — The high peaks of Tibet — oontiHued, 


1 

1 Range. 

1 

Name. 

Height ill feet. 

Latitude. 

Longitude. * 

1 

Authority. 

1 

1 

i 

i 

1 

1 

1 

W^'f' 

204:17 

O / ft 

.61 5 18 

o / /r 

81 13 57 

Wood. 

1 

t 

Kailas 

22028 

:n 4 2 

81 18 50 

G. T. Survey. 

- 



21600 

29 55 16 

84 33 33 


1 

! 


W'='« 

2;{lo0 

29 ijO 4 

84 36 39 

r Wood. 

1 



21:{(K) 

29 48 49 

84 :68 8 

! 


\fl22 

20628 

29 43 16 

85 10 11 

) 

I Kailas 


Uarkiang . 

. . . 

29 32 0 

8.6 14 0 

Naiii Singh. 



W'‘» 

2061(j 

29 26 45 

8,6 21 44 


1 

or Cho-ur-dzong 

21600 

29 27 43 

85 23 8 




. . . 

20762 

29 26 37 

85 23 18 

Wood. 




2I007 

29 29 25 

8,6 24 52 




21227 

29 28 30 

85 24 53 




W*" ... 

20000 

29 3:5 25 

87 8 38 




1 

i 

21 1.69 

29 20 56 

91 45 42 ■ 

Ryder. 

These peaks 

1 

1 





stand on a 


1 





1 range in Tibet 

Aling Kangri .; 

24(M)0 

32 4() 

81 2 ') 1 

that niay 


Ning Kangri . .1 

. . 

32 1.6 

83 0 


possibly prove 

< 

Shyalcliikang J ang . ; 

Very high 

31 45 

84 45 

^Nain Singh. 

i 

t 

1 to be the 


Targot Yap . . j 

2.6000 

:50 40 

86 15 

j continua t i o n 
! of the Kara- 


Oyakharma 

228<K) 

.60 50 

88 ;60 

1 

' korara. 

, 

... 






.. 

.) homoji;jingar 

Very liigh 

29 50 0 

89 50 0 

Explorer .4.-K. ! 

1 



R**" ... 

229.60 

29 54 7 

90 2 3 1 



R*»‘ 

20207 

29 51 26 

90 13 25 




R2ie 

21691 

.60 18 9 

90 29 7 




R“'- 

201.66 

29 57 7 

90 32 JO ; 




R-^'J 

2.6255 

:50 22 17 

90 35 19 , 


N inchi nthangla"" 


R«« 

R^-^ or S a in d e n 

20.666 

:60 27 37 

90 41 41 

Ryder. 



Khansa of A -K 

20576 

30 47 ,65 

91 25 54 ' 




R22* 

2ir>4;i 

;50 .60 .68 

91 29 40 



tSaindankangMang 

240(K) 

30 .60 0 

91 30 0 ,5 

hfain Singh. 



Potarnolarn 

• • • 

.60 30 0 

91 49 0 j 

\ 

. . . 

- 

p ... 

201:60 

:60 :60 3.6 

91 52 9 i Ryder. ! 

i. i 

Contra! Tibet 

1 

Kaiigdigar 

Mnnza Kangri 

20<!Of) 

31 20 0 1 

.62 20 0 

87 15 0 j Nain Singh, j 

: f 

North-Eastern 





! 

1 

Tibet . 


Caroline 

18000 

35 20 0 

97 30 0 j Rocklull. i 


* The vnliips of longitiido nro itusnl tni thr ilctmiiinntion of the di#Fercrii*e hoLween t ireeiiwirh and Madrit-s Jiiade in 
lSt>4-!)rt, and are not tho-^a^ liitherto by the Purvey of India. 

t Tho 5aw4ffmi?an^f ./«n {7 of .Vain iSinchis probaMy idenrtoal with ; possibly the Samden KhavJta of A-K is the 

flame peak also, and not R222 as shown. 'Phe PntamoUim of Nain Singh is probably identical with R224, Vain Singki*fl 
value f«M' the height SitmHank*tUKj Jumj has b-cn sliowni by Ryder U» be over 2000 feet too groat. 
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Table XXVII. — ^The high peaks of Tibet — wnduded. 


Raii^. 


Name. 


I Height ill I.;i1itiide. Longitude. • 


Authority. 


Northern Tibet 


Abrupt peak . . ! 

UllugMuztagh .j 

fi^g Oscar peak . ' 


Camp peak 273 . • 


>> 

51 

9> 

170 . 

>> 

51 

99 

169 . 


67 

99 

185 , 

>> 

109 

9) 

84 . 

9f 

,57 

>» 

179 . 


5J 

91 

142 . 

>» 

49 

99 

144 . 

») 

51 

91 

165 . 

>> 

32 

99 

116 . 


29 

>9 

94 . 

>» 

no 

9 9 

103 . 


Peak 95 

, 

Camp 57 peak 1 02 , 

>» 

no 

99 

93 . 

>» 

no 

99 

94 . 

>» 

51 

99 

163 . 


Peak .y.) 


Camp no peak 02 
„ 32 „ S!) 

SiK^w Peak *54 
Camp 32 peak 110 
32 „ 109 

„ 32 108 



// 

35 .30 0 

o / » 

82 ;k) 0 

Wellby. 

24<HK> 

.36 .30 0 

87 20 0 1 

j- Sven Hedin 


35 .30 0 

87 10 0 J 

2(M)lO 

33 5.8 3 

79 40 28 ' 


2098(> 

32 17 58 

81 8 58 


2t)7:io 

32 37 10 

81 12 10 


20UH) 

33 40 .37 

81 18 2 


20,370 

.34 .32 49 

81 .33 9 


20200 

.33 42 15 

81 .39 2i> 

y Deas y. 

21020 

33 26 56 

81 42 31 1 

‘20.5.50 

33 35 49 

81 . 5.5 41 


20180 

33 26 30 

82 12 .57 

' 1 

20970 

33 27 54 

82 15 .W 


20l«X) 

33 .58 45 

82 17 <1 


2<.>260 

34 40 19 

82 19 19 

\ 

20.3.50 

33 19 4 

82 19 32 

Tlam Singh. 

2i»6.:i0 

33 18 .55 

82 19 11 

207.50 

34 44 20 

82 20 19 

Dciirty. 

20190 

.n 43 .5.3 

82 2 1 1 

20820 

.33 16 38 

.82 21 11 

) 

20310 

3.3 1.8 7 

82 22 19 

Ram Singh. 

20f;M» 

.31 16 .33 

82 22 12 • 

j. Dea-sy. 

20690 

.3.3 10 53 

82 .30 21 

2(MM0 

.34 25 4 

.8.3 1 13 

Ram Singh. 

2«>1.80 

33 16 24 

.83 5 18 


2i«H0 

.33 11 2 

83 24 45 

^ Deasy. 

2«»l‘JO 

33 15 33 

83 29 9 ' 


• The Talnes of longitude a ro baiwd on the delcrmiii.iiuHi «*l ilu* cliOf ic*Mui> IipIwihmi < .'n*«*rnvirli ;ind MadrHS iitade in 
1894 - 96 , and ai^not thoHe liilhen. by HieSm vi v m! 
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THE LTMTT OF PERPETUAL SNOW. 

The “ snow-liwe ’ ’ is tte lower limit of perpetual snow — the line above which the snow 
resists the heat of summer, and below which it all disappears for a certain time every 
year. Snow will remain unmelted in deep ravines long after it has disappeared from 
neighbouring summits, but in determining the snow-line wc have to consider not shel- 
tered snow but snow exposed to the rays of the sun. 

The snow -line is dependent upon temperature and snow-fall, and to a lesser degree 
upon wind. A light snow-fall renders the line high ; the temperature of air at the snow- 
line is always below the freezing point of water in regions of scanty snow-fall. 

If snow-fall were everywhere uniform, the, lieight of the snow-line would vary 
with temperature, and would consequently tend to decrease from the equator to the 
poles, as the latitude inerciased. It would, however, under sucdi conditions, be slightly 
lower (north of the ecpiator) on northern slopes than on southern, owing to the 
difference between the angles at which the sun’s rays are inclined to the mountain 
surface. 

On the southern sldpes of the Great Himalayan range the snow-line is 3000 feet 
lower than on the northern : this large difference is mainly due to the southern slopes 
being exposed to damp winds from the Indian ocean, which drop their moisture be- 
fore they cross the range. Tibet and the Tian Shan are extraordinarily dry, and 
their snow-lines are consequently higher than those of mountains situated in the same 
latitudes but in other continents. In western China and in the extreme east of Tibet 
a quantity of rain and snow falls, and the snow-line is low. 


Table XXVIII. — Height of the snow-line in Central Asia. 


Rnngo. 


Nepal Hiiiuilaya 
South-East Tibet . 
Kumauii Himalaya . 
Kuiiiaun Himalaya . 

1 Punjab Himalaya 

Punjab Himalaya 
Zaskar 

Zaskar « • • 

Ladak range near Leh. 
Ladak range near Leh . 
Kailas 


Height uf 


As^xwt, 

Lttiitvich*. 

snow-lino 
in fool. 

South 

■ 28’^^ 

14700 


29^ 

13000 

South 

; :10' 

1 .>500 

North 

i 30" 30' 

! 18500 

South 

i 34 

170(K) 

North 

, 34’ 

19000 

South 

1 31' 

20000 

North 

■ 31' 

i 19500 

North 

! :',4" 

' 18500 

South 

31’ 

i 19000 

South 

i 31’ 

' 19500 


Avithority. 


I Hooker ; Journal, R. G. S., XX, 1851. 

: Gill : Journal, R. G. S., XL VIII, 1878 

} Richard Strachey : Journal, A. S. B.,\ 
XVIII, 1849. 

I 

I Montgomerie : G. T. Survey Syn., Vol: 
. VII. 

^ Cnnningliani’s Ladak. 

: ^ Drew : Jummoo and Kashmir territories 

. Richard Strachey : Journal. A. S. B.. 
XVIII, 1849. 
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Table XXVIII. — Hoijfht of th<* snow-lino in Central .Asia — continued. 


Riingo. 


Western Tibet . 


I Karakoram 
j Karakoram 
I Karakoram 

1 Tian Shan 
: Alai 

1'he snow-line in 

I Pyrenee.s. 

! Caucasus. 

, Alps 


Aspect. 


ili'iglit Ilf 

! snow-lini' 

... 


in fci-l . 


j 

20(HIO 

iSoutli 

! 

:5(»-' ! 

IS.'»0f» 

Vortli 

:5(> i 

ISatH) 

North 

:5(>- 1 

IS(M«> 

... 

II 

; 1 l(M)0 

. . . 

1 40 

1 KKN) 


Europe and Western Asia. 


15 

1 8500 

15 

1 lOOOi) 

16^ 

! 8500 


Aut)i(irity. 


, Ricliard Sl raelH*y ; K nct/clop(nl ia 
Briidunirn, (irficlc Jhinaldf/a. 

Drew : J unniifu) and Kashmir territories, 
l)(»asy : In Tibet and (liinesc Tnricistan, 
Dnnninf^lnim's Ladai'. 

Hayward : don mat, R, (!. N., XL, 1 870. 
(^innin^ham’s Ladak. 

; Senienoff: Joarnnl, R.d.S., XXXV, 1865.1 
j Del mar M oiMran : R. d. N., Sapplement- 
anj Papers, l88(). 


'Pwenty tUousand feet is the highest elevation to which the snow-line has been 
observed to recede, and it is probabh: that if. will be nowhere found higher : the 
snow-lines on the Kuen Jvun and in central 'Fibet have ?icv«*r yet been determined, 
but they are estimated to lie lower than that of vvest<?rn Tibet, which is one of the 
driest regions of the earth. 

We do not hnow at present to what extent tin; rainfall or snow-fall varies with 
height, nor have wo l>een able to deterinim* the elevation of maximum precipitation. 
Sir Joseph Hooker doubted whether the winds from the Indian Ocean ever reached the 
summit of Kinchinjunga, and he thougJit that very little snow fell at that great 
height.* 

’ The outer Himalayan ranges everywhere intercept a large part of tin* rainfall from 
the Indian Ocean ; the Pir Panjal range, for e.vample, prevents the moistur<‘-laden 
winds from reaching the valley of Kashmir. Hut the snow covering the ( Jreat Hima- 
laya shows that there are damp <airrents at high altitude.s, which an; ])reve.nted by tin; 
range from entering Tibet. 

The water in the lakes of western Tibet, is ilue not to rain falling on tin; high 
plains but to snow accumulating ou the ranges aufl (h'sc.enditig in glaei(‘rs. 

“The height,” wrote Richard Strachev. at which it is ccutaiii tliat snow will fall 
“ every year in this region (Kumaun) of the Himalaya, is about <5/500 feet, and at an 
“ elevation of 5000 feet it will not fail more than one year «»nt of t»'n. The lea.st height 
“ to which sporadic falls of snow are km)wn to extend is about 2500 f<‘et, and <»f smdi 
“ falls there are only two authentic instances on record, since the Hritisli took possession 
“ of Kumaun, viz., in 1817 and 1847. ”t 

Snow was observed to be falling on one occasion, at lo o’clock at night, in 

February, 1906, in Dehra Dun, at a height of 2400 leet. 


♦ Himnlayan Journals. V«»l. II. p.igo 3!)0. 

•}■ Jt. urntrl, Asia lie IS* eh fi/ Ti* lajal, \ «il. 
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Chart 

illustrating the PABALLELISM 
between the borders of 
the old Peninsular Table-land and 
the Central Asian Highlands 





KUMAUN HIMALAYA 

AS REPRESENTED ON THE 32 MILE MAP OF INDIA. CHART X 
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SECTION 

along the GREAT RANGE of the HIMALAYA 
from the INDUS to the TISTA 
showing how it is being cut 
by the rivers into isolated blocks 
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EIGHT CROSS SECTIONS of the HIMALAYA 

drawn at right angles to the Great Range 

Gross-Sections 1 to 4. 
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EIGHT CEOSS SECTIONS of the HIMALAYA chart xv 

drawn at right angles to the Great Range 

Gross-Sections 5 to 8. 

No. 5 THROUGH GAURISANKAR. 
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to illustrate 

how the GREAT HIMALAYA RANGE 

CHART XVII 

terminates firstly at the INDUS secondly at the BRAHMAPUTRA 
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Lessons from the SIWALIK Range CHART XiX 
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FIGURE 1. Conjunction of the KAILAS and LADAK, 

also of the LADAK and ZASKAR Ranges 
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